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Invertebrate conservation status and the limits of reliable 
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Abstract 

A recent ‘desk-top survey’ of information available on several non-aquatic invertebrate groups (molluscs, but- 
terflies and moths, ants, bees and jewel beetles) including taxa of conservation interest in Victoria is sum- 
marised. The paucity of information on many taxa renders sound assessment of conservation status based on 
abundance, distribution, ecological knowledge and vulnerability very subjective, and, in many cases, largely 
dependent on the opinion of individual workers. In a few cases, precise identification of taxa cannot be con- 
firmed. The limitations of existing information are discussed, together with ways to improve the framework 
knowledge of invertebrates to enhance their incorporation into wider conservation agendas within the State. 
(The Victorian Naturalist 129 (3), 2012, 68-76) 

Keywords: invertebrate, conservation status, threatened, Victoria, insect conservation 


Introduction 

The widely- used conservation status category 
of ‘Data Deficient’ (IUCN) is difficult to apply 
consistently and, as Clarke and Spier- Ashcroft 
(2003) demonstrated for a variety of Austral- 
ian invertebrates, the decision to designate a 
species as ‘Critically Endangered’ or ‘Data De- 
ficient’ may be very finely balanced. This note 
is prompted by problems and concerns en- 
countered when we were charged recently with 
evaluating existing information on a number of 
non-aquatic invertebrates of conservation inter- 
est in Victoria, as a prelude to planning surveys 
to guide management for their conservation. 
The impetus for this initial ‘desk study’ was the 
need to assess impacts of fuel reduction burn- 
ing in many parts of the state, with the implica- 
tion that the process could constitute a severe 
threat to invertebrates of conservation interest 
unless managed carefully. Calls for much more 
extensive ‘control burning’ for asset protection 
followed the 2009 bushfires (New et al. 2010). 
The state’s Department of Sustainability and 
Environment (DSE) seeks to undertake these as 
responsibly as possible in harmony with wider 
conservation needs. 

Our remit was to assemble and collate all 
available information on selected invertebrate 
taxa which had been signalled as of conserva- 
tion interest in Victoria through being listed 


(1) under the state’s Flora and Fauna Guarantee 
Act 1988 (FFG) or (2) on a statewide ‘Advisory 
List of Threatened Invertebrates’ maintained 
by DSE and used to guide management, but 
with many of the species not protected for- 
mally. Most species on these lists are scarce 
and highly localised, some are presumed to be 
narrow range endemics, and some are noted 
simply because they are poorly known. Histori- 
cally, some are known to have declined in range 
within Victoria (or are purported to have done 
so), but others have not been seen for many 
years and may even be extinct. They are intrin- 
sically difficult to evaluate and study, and allo- 
cation simply to ‘Data Deficient’ is a convenient 
and probably accurate step, with any further 
information likely to be serendipitous rather 
than the outcome of detailed planning; how- 
ever, refinement to a more hierarchical level of 
threat is required to indicate relative priority of 
need. The species recorded on either schedule 
are simply representative of the wider need, and 
the lists are indicative rather than definitive. 
Many orders of arthropods, for example, have 
no representation. Thus it is important that the 
taxa reported are seen to have been appraised 
responsibly in order to maintain credibility in 
furthering conservation. 

The exercise reported here illustrates some 
of the problems in determining conservation 
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status of poorly known invertebrates, and how 
to advance that knowledge constructively. The 
problems reflect much wider scenarios of deal- 
ing with individual species in rich but inade- 
quately documented faunas. 

Methods 

The taxa selected, each a natural group with 
all Victoria-listed species included, comprise a 
total of 53 species or subspecies, encompassing 
taxa with differing ways of life and inhabiting a 
range of major biotopes. They are summarised 
in Table 1 . All are considered Tare’ or, at least, 
highly elusive. A dossier prepared for each 
species included data gathered from all avail- 
able sources, namely all obtainable published 
information on incidence and biology, consul- 
tation with relevant specialists and collectors, 
who generously supplied label data from their 
own specimens or records, and label data and 
database information from Museum Victoria. 
‘Status’ is given as inferred in expert opinion or 
listings, but allocation often reflects individual 
opinion against different criteria, and is incon- 
sistent across different groups. 

Results 

The major outcomes for each individual species 
(Appendix) emphasise the fragmentary nature 
of information available, and that the chances of 
augmenting this easily may be small. For some 
taxa, imprecise historical records constitute the 
only information available. Many of the focal 
taxa are known from single or few localities, 
and may not have been reported or collected for 


many years. Some have been sought diligently 
in targeted surveys, with minimal rewards, and 
the incidence of adults (such as hill-topping 
butterflies or flower- visiting jewel beetles) does 
not always enable association with a breeding 
site or larval resources. Much of the informa- 
tion is necessarily inferred. It is important to 
acknowledge that ‘collection-mining’ for indi- 
vidual records did not extend to other major 
museum collections; much of that information 
is encompassed in published accounts. 

Two of the hymenopterans exemplify some of 
the problems. The ant Peronomyrmex bartoni 
Shattuck & Hinkley is known from two worker 
individuals (now the holotype and paratype) 
from separate localities in Victoria, and no ad- 
ditional specimens of this very distinctive spe- 
cies have been found from numerous surveys 
for ants since 1995. The ant is undoubtedly rare, 
but nothing is known of its biology. The Golden 
carpenter bee, Xylocopa aeratus (Smith), has 
not been reported in Victoria for many years, 
with the main records from the Grampians no 
later than 1884; however, it is not uncommon 
in parts of coastal South Australia (Kangaroo 
Island), New South Wales and Queensland, so 
that a strong biological framework exists. It 
may, indeed, be vulnerable to burning, because 
it nests in dry stems of Xanthorrhoea. It is now 
likely to be extinct in Victoria, and was listed 
nationally as Data Deficient by Clarke and 
Spier- Ashcroft (2003). 

A restricted range is most evident for the four 
species of snails (Mollusca), as none has been 


Table I. Focal non-aquatic invertebrate taxa used to aid determination of conservation status in Victoria 

Taxon 

Number 
of species 

Rationale 

Mollusca: Charopidae 

3 

All very restricted distribution 

Rhytidae 

1 

The four species overlap in single region: wet forests of 
Otway Ranges 

Hymenoptera: Formicidae 

2 

Both poorly known 

Apidae 

1 

Possibly extinct in Victoria 

Coleoptera: Buprestidae 

13 

Many flagged as of conservation concern, some apparently 
very rare 

Lepidoptera: Castniidae 

6 

Notable flagship group; several very scarce and localised 

Noctuidae 

1 

Very few records in Victoria 

Zygaenidae 

2 

Few specimens with clear data 

Hesperiidae 

7 

Lycaenidae 

14 


Nymphalidae 

3 

Butterflies are best-documented group, with high concern 
over declines 
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found outside a small area of the Otway Rang- 
es, and all are confined to wet forest habitats. 
They appear to be true local endemics. Some of 
the moths and butterflies (Lepidoptera) mani- 
fest similar concentrations — some sun moths 
(Castniidae), for example, appear to be restrict- 
ed to the inland north west of Victoria. Other 
Lepidoptera, however, display distributions 
that appear to represent fragmentation of habi- 
tats, because they are recorded from widely- 
separated parts of Victoria. The Eltham copper 
butterfly Paralucia pyrodiscus lucida Crosby is 
one of the better-documented cases, but similar 
situations can be postulated for other lycaenids 
such as ant blue butterflies Acrodipsas species. 
For many, the low numbers of records thwart 
firm conclusions. For a few, concentration on 
particular localities by collectors has led to ac- 
cumulation of numerous individual specimen 
records over several decades, but has not ex- 
tended known distributions. 

Discussion 

Basic requirements, on which to base estimates 
of conservation status and needs, involve infor- 
mation on habitat (resource) parameters, distri- 
bution and population dynamics. The last is the 
most difficult to assess meaningfully for most in- 
vertebrates. Knowledge of population dynamics 
and population sizes for most species assessed 
here is fragmentary to non-existent, and so not 
available to aid conservation status assessment. 
Implications that most of the populations in- 
volved are small, highly localised and perhaps 
vulnerable seem reasonable, but cannot be sup- 
ported by quantitative information. Likewise, 
critical resource needs of many rare invertebrates 
can often only be suggested by coincidence with 
living individuals — with information on food 
plants or specific hosts or prey often very in- 
complete. For some of the species treated here, 
a relatively sound framework is indeed available 
- for example through accumulated collector in- 
terest in the butterflies — but this is not general. 
The major component of determining conserva- 
tion status is distribution, and changes in area 
of occupancy, as far as these can be assessed. 
Specimen records and label data are the primary 
source of historical information. 

The approach of using museum specimen 
records to evaluate distributions and infer 
conservation status by indicating historical 
70 


changes depends on the reliability of the infor- 
mation present on data labels. Positively, many 
of the rarer species of collectable taxa (equating 
largely to those of conservation interest) may 
be represented strongly in museum collections, 
simply because these are actively sought by col- 
lectors. Such accumulations cannot, however, 
reflect the collecting or survey effort invested in 
the specimens present. However, only a small 
proportion of older specimens bear reliable in- 
formation, with most of the labels comprising 
no more than a place or other locality name, 
and date of capture. Habitat data are relatively 
rare, and this lack is problematical because it 
is usually impossible to infer any habitat data 
from the name of a town or region. An accu- 
rately labeled specimen, of course, confirms 
incidence at the time and place of capture, but 
label information conventionally given has 
changed markedly during the last century or 
so, and ecological inference and precise local- 
ity (with grid reference, latitude/longitude co- 
ordinates or GPS reading) is now the norm. 
Archival specimens, including most of those 
captured before the middle of the last century, 
usually lack this precision, and, indeed, some 
hobbyists in the past deliberately gave mislead- 
ing detail on labels of rare species to safeguard 
‘their’ localities from other collectors (discus- 
sion by Dunn 2008, 2009) or even possibly to 
disguise their lack of permits to collect within 
protected areas. Such biases rarely can be elimi- 
nated completely, and without specific knowl- 
edge the information present has to be taken 
as accurate. Most collectors, of course, have the 
highest levels of integrity, but many conven- 
tional labels of the time are abbreviated. The 
largest single collection of Lepidoptera in Mu- 
seum Victoria (that of about 45 000 specimens, 
made by George Lyell) includes many simply 
labeled ‘Gisborne’, as his home town, but may 
refer to anywhere within a substantial radius 
of this base and encompassing a wide range of 
vegetation and other habitat conditions. The la- 
bels illustrated as examples by Moulds (1999) 
are by no means the exception. 

Disturbingly little information was found on 
most of the taxa we considered. For some this 
is enhanced by information from records from 
outside Victoria, but many local endemics, with 
a high conservation priority, remain poorly 
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known. The lack of distributional information 
contrasts with that available for some groups of 
freshwater insects in Victoria, reflecting their 
adoption as indices to measure and monitor 
water quality, based on incidence and relative 
representation of the larval stages. Apart from 
butterflies (New 2010) and to a lesser extent 
some castniid moths (Douglas 2008), a sound 
factual basis for planning conservation man- 
agement seems to be far off. Even Lepidoptera, 
benefiting from the long-established interest by 
hobbyists as the major source of records and 
distributional and biological information, still 
contain notable gaps. For some, targeted sur- 
veys have failed to reveal further specimens 
to enhance distributional knowledge based 
on a handful of scattered records — but other 
surveys have confirmed losses from sites now 
alienated by processes such as vegetation clear- 
ing for urban development or agricultural con- 
version, so that recent records are presumed 
to constitute remnants of a formerly more 
extensive distribution. For example, the Giant 
Gippsland Earthworm, Megascolides australis 
(McCoy), for which site characterisation may 
furnish clues for critical resources or favoured 
biotopes to hone the effectiveness of additional 
surveys. However, separating historical range 
contraction and increased fragmentation with- 
in a more constant range boundary is difficult. 
For some of the species noted here, the overall 
distribution range may never have been more 
extensive than that encompassed by linking 
the outlying extant populations to define an 
area of occurrence, within which occupancy 
is progressively reduced and fragmented. Per- 
haps only for some of the Lepidoptera amongst 
our present array is there reasonable evidence 
of losses from parts of the historical range, so 
that remaining isolated populations are indeed 
fragments. The species involved are all ecologi- 
cal specialists, and susceptible to condition and 
availability of particular larval host plants and, 
for some, additional resources such as mutu- 
alistic ants. Targeted surveys for the Eltham 
copper butterfly as one of the most intensively 
studied listed butterflies in Victoria) have yield- 
ed several previously unknown populations in 
central Victoria, and the additional informa- 
tion enabled definition of priority areas for 
forthcoming exploration. Nevertheless, both its 


sole larval food plant (Sweet Bursaria Bursaria 
spinosa Cav.) and host ant genus {Notorious) are 
far more widespread than the butterfly, and fac- 
tors governing its incidence remain unknown. 
It helps to emphasise the twin questions that 
must be approached when considering distri- 
butions of such invertebrates, namely ‘what is 
the distribution?’ and ‘why?’, as well as inferring 
reasons for any apparent or real change. For the 
Otway snails, we simply do not know whether 
these are long-term narrow range endemics, or 
whether they have been lost from other areas 
to leave them as remnants in their present re- 
stricted range. 

Even with accurate locality data, the ‘nearest 
minute’ of latitude/longitude still encompasses 
a substantial area, often variable in character 
and difficult to explore fully through system- 
atic surveys. Thus the ‘Bioinfomatics database’ 
of Museum Victoria, an invaluable accumula- 
tion of information from specimen and other 
records, provides summaries of historical and 
recent distribution of the state’s butterflies, but 
can be plotted on only relatively large mapping 
units. Dunn’s recent (2008) commentary on the 
wider ‘Dunn & Dunn database’ for butterflies, 
further indicates the problems that arise. For 
some species, locality records may not even 
indicate breeding sites nearby — most records 
of Acrodipsas, for example, are of hill-topping 
adults, and it is unknown over what distance 
they may have flown before they were detected 
and recorded; several kilometres or more may 
be involved. In the case of A. brisbanensis (Mis- 
kin), even the identity of the supposedly ob- 
ligatory host ant has not been confirmed and 
colonies of the most likely genus ( Papyrius ) 
are difficult to detect. ‘Spot’ captures or records 
of (perhaps transient) adult butterflies cannot 
augment this background. 

In short, most of the butterflies included in the 
lists are difficult to survey systematically, and 
most records have arisen from serendipitous 
captures, rather than planned surveys. Exten- 
sive surveys within apparently suitable habitats, 
and undertaken by experienced lepidopterists, 
commonly have failed to reveal the taxa. For 
all taxa considered here, species recognition 
can be problematical. Despite recent concerns 
over ‘butterfly collecting’ in Australia (Sands 
and New 2002), there is considerable need for 


Vol 129 (3) 2012 


71 


Research Reports 


additional surveys of butterflies and all other 
invertebrates on our lists. A major problem is 
lack of capability, with many of these animals 
difficult to identify and few experts able to do 
so — many, indeed, are orphaned’ in that no 
specialists are present within the state, or even 
within Australia. Current lack of funding and 
other support (such as training of taxonomists) 
for such basic documentation of Australian bio- 
diversity reflects more global concerns that this 
unsatisfactory state will persist. Most of the taxa 
involved cannot be recognised unambiguously 
without close examination, and the paucity of 
relevant experts for each group necessitates 
most surveys being undertaken by workers who 
are not able to identify the target groups to spe- 
cies level with some degree of confidence. Risks 
of misidentifications from sightings alone are 
substantial. Misidentifications may enter the 
formal record, and the resulting bias cannot be 
checked without voucher reference specimens, 
but prohibition of take’ of listed species is a 
highly controversial theme in invertebrate con- 
servation in Australia, and can markedly inhibit 
accumulation of records and basic biological 
knowledge (Sands & New 2002). 

One of the jewel beetles noted here exempli- 
fies the problem of direct misidentification (the 
presence of Castiarina mima (Saunders) in Vic- 
toria is based on a misidentification; Douglas 
pers. comm., 2011). Another, Themognatha du- 
boulayi (Saunders), is recorded in Victoria from 
a single individual (Museum Victoria) that may 
have been mislabeled. Otherwise it is known 
only from Queensland and the Northern Terri- 
tory and its presence in Victoria remains to be 
confirmed. An allied problem is the uncertain 
status of many butterfly populations as full spe- 
cies or putative subspecies. Clarification can 
come only from detailed appraisal of specimen 
morphology, genetics and population biology. 
Rather than prohibiting capture, a case could be 
made validly for capture and responsible depo- 
sition of specimens detected at any localities 
beyond the recorded distributional occupancy, 
with emphasis on providing accurate locality 
and other data, and permits made available to 
any bona fide survey operative. In parallel, the 
small numbers of specimens from many cur- 
rently-documented localities do not always al- 
low for easy taxonomic allocation, and further 


reference material for some of these would be 
valuable. Whilst not in any way condoning ex- 
ploitative or harmful collecting, there is oppor- 
tunity to clarify the taxonomic status of some 
species by using modern molecular techniques 
for extracting DNA from small samples of wings 
or by removing a leg from living insects and re- 
leasing them without apparent lasting harm. 

The species treated here are, as noted above, 
by no means representative of the full variety 
of invertebrates that merit parallel considera- 
tions, but in the main are those that have sim- 
ply acquired notoriety in some way, or have 
elicited concerns over recent losses or declines 
that happen to have been noticed. The above 
argument in favour of voucher specimens thus 
extends much more widely - a number of addi- 
tional deserving candidate beetles (Coleoptera) 
and butterflies and moths (Lepidoptera) were 
suggested to us during this project. As ‘lists’ are 
enlarged and revised, many additional inverte- 
brates will come to conservation notice. Calls 
for major investment in invertebrate surveys 
and specimen accumulation, with curation fa- 
cility assured, are by no means new. The values 
of major ecological collections’ were discussed, 
inter alia byDanks etal. (1987) and Yen (1993), 
and those suggestions appear increasingly ur- 
gent. This exercise has again emphasised their 
vital importance. Amongst other uses, they 
constitute an invaluable archive barometer for 
monitoring future changes, including any in- 
duced by climate change, whereby species-level 
conservation efforts will need to encompass 
considerations of suitable sites well beyond the 
current reported distributional ranges. 

The paucity of biological information renders 
recommendations for focused conservation 
difficult, even if these are needed, which in it- 
self is often difficult to determine. This situa- 
tion is recognised widely, not least through the 
formal ability to delist species from FFG sched- 
ules should they be found to be unthreatened. 
However, without that basic ecological back- 
ground, assessing vulnerability is largely a hy- 
pothetical exercise. Thus, in the present context 
the importance of refuges from fire, in time and 
space, is a critical component of management 
by planned burning (New et al. 2010), but other 
than for some of the relatively well-document- 
ed Lepidoptera is largely unknown. One might 


72 


The Victorian Naturalist 


Research Reports 


suggest, for example, that the Otway snails may 
be relatively secure, simply because wet forest 
is unlikely to be burned deliberately, but con- 
ditions could change rapidly, and associated 
clearing or construction of fire breaks against 
wild fire might have serious impacts. The fac- 
tors that regulate the snails distributions at 
present are not known. 

We were dismayed by how little information 
was easily recoverable on many of the species 
we attempted to appraise. Despite our initial 
fears that this might indeed be so, we had hoped 
for more encouraging scenarios to emerge. 
The outcome is that the ability to focus future 
surveys on sound ecological information for 
many species is very limited, and is endorsed 
by recognition that extensive searches within 
any documented range may be highly unpre- 
dictable. Most published records of specimens, 
even with accurate grid references, enable re- 
searching of areas only of up to several km 2 , is 
still a formidable exercise to undertake and en- 
compass considerable variety of resources and 
topography. The main practical dilemma is that 
additional biological information is needed to 
reliably inform conservation management, and 
can be augmented only through additional sur- 
veys, over large areas and with small chances of 
recovering the target taxa, and with the neces- 
sary support and finance unlikely to be avail- 
able. Repeated searches are needed to assess 
unknown seasonal occurrence and to monitor 
trends in the abundance and distribution of 
sensitive species that are sufficiently abundant 
to provide meaningful information. 

With those considerations in mind, we suggest 
focus on the best- understood groups, namely 
butterflies, sun moths, the Otway snails and, 
perhaps, jewel beetles. However, species over- 
lapping in distribution, habitat or accessibility 
to a common sampling approach may provide 
opportunity for a more efficient approach to 
surveys, as a serious need. Thus, approaches 
such as hill top surveys for butterflies (see Brit- 
ton and Ginn 2008 for an analogous New South 
Wales study) have the potential to record many 
of the species of interest, although without am- 
plifying ecological information, to help define 
broad distribution patterns. Focus on areas or 
sites for which listed species overlap may also 
be worthwhile, for example, the Grampians NP 

Voll29 (3) 2012 


has historical records for several elusive but- 
terflies and beetles as well as Golden carpenter 
bee Xylocopa aeratus . The need for systematic 
surveys of invertebrates in major protected ar- 
eas has been advanced previously by Sands and 
New (2003). 

A third approach is simply to extend surveys 
for a few relatively well-documented taxa to 
cover as much of their likely range as possible, 
to augment ecological knowledge and provide 
a firm template for their management. Searches 
of this nature can be rewarding; for example, 
several additional populations of Eltham cop- 
per butterfly have been discovered by targeted 
search, (e.g. Canzano and Whitfield 2008). An 
earlier survey for Myrmecia sp. 17, originally 
known from four sites, led to the discovery 
of more than 50 additional localities (Wainer 
1996) and a considerably greater understand- 
ing of the ants requirements. Such knowledge 
gained from practical experience helps greatly 
in increasing reliability and values of future 
surveys. 

In parallel, recent discoveries of the Golden 
sun moth Synemon plana in many grassland 
sites in central Victoria have resulted from two 
main impetus of concerns. Firstly, the fates of 
many native grassland remnants under pres- 
sure for urban and industrial development 
has lead to increased survey intensity, and sec- 
ondly, the effectiveness of survey has improved 
markedly because of greater understanding of 
the moth’s behaviour, thus reducing the risks of 
‘spurious absences’ being recorded (New 2011). 
This is not the case for most of the other species 
treated here, for which serendipity will contin- 
ue to play the major role in survey outcomes. 
One need is simply to communicate that such 
poorly-known taxa exist, and that ecologists 
undertaking invertebrate surveys in any related 
habitat or within their recorded distribution be 
enabled to recognise them and allowed to cap- 
ture specimens for expert examination to con- 
firm identity and central capture of the data. 

As Hudgins et al. (2011) have emphasised, 
two kinds of ‘detectability’ are needed in in- 
sect conservation and to help evaluate needs 
through monitoring. They are often not distin- 
guished as clearly as for the Golden sun moth. 
These are (1) presence on a site, investigated by 
a disciplined sampling regime likely to detect 
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the target species, and (2) the more complex 
need to assess numbers (population size) as a 
basis for monitoring trends and possible threat 
impacts. The numerous factors affecting prob- 
ability of detection, whether presence of a spe- 
cies or number of individuals, vary according 
to the differences in observer skills and experi- 
ence, and to the wide range of environmental 
conditions. These include critical consumable 
resources (specific food plants, prey or hosts), 
a wide range of utilities that enable those re- 
sources to be exploited, and parameters (such 
as weather and time of day) that limit or govern 
activity. Collectively, these influence spatial and 
temporal detectability of many invertebrates in 
different ways. Detecting ‘rare or elusive spe- 
cies also necessitates, if possible, distinguishing 
between these states. Whereas ‘rare’ species 
may genuinely reflect low abundance and re- 
stricted geographical range, an elusive’ species 
may not be rare, even when regarded as such, 
but simply difficult to detect or plan to find. In 
the past, Synemon plana fell into this category, 
with its ‘Critically endangered’ status reflecting 
lack of the ecological knowledge that enabled 
detection. Increasing and informing detection 
is a key need for gaining greater insight into 
most of the taxa discussed here. 

The desk survey reported here has confirmed 
the massive lacunae in ecological information 
and distributional knowledge of many of the 
invertebrates that are of greatest formal con- 
servation prominence in Victoria. At present, 
the notice given to many of these is truly ‘data 
deficient’; should that status be allowed to per- 
sist indefinitely, the credibility of the listing 
process (formal or otherwise) becomes open 
to question as simply precautionary rather 
than reflecting reality. Several of the species, re- 
ported only from isolated records in northern 
or far eastern Victoria, are probable vagrants 
from a more northerly distribution where they 
are well-established. Such ‘political outliers’, 
intriguing for inventory, are not a priority for 
further conservation focus, although their pos- 
sible establishment and range expansions that 
reflect climate change is of considerable inter- 
est. All the species considered have been noted 
because of concerns over their rarity or decline, 
with the paucity of records rendering their pre- 
cise status and needs enigmatic. Many are likely 


to remain so, because the intensive searches (or 
simple luck!) needed to augment information, 
cannot be guided meaningfully by biological 
knowledge. In contrast, for a few other spe- 
cies, the information summarised here, where 
some of it flows from previous detailed inves- 
tigations, furnishes a template based on an 
ecological overlay of defined critical resources 
and from which future surveys can be focused 
much more precisely. 
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Appendix. Status of non-aquatic invertebrates in Victoria appraised, and major outcomes from desk-top survey 


Taxon Status, specimen records, comments 


Mollusca 

Allocharopa erskinensis (Gabriel) 
Geminoropa scindocataracta 
(Gabriel) 

Pernagera gatlijfi (Gabriel) 
Victaphanta compacta 
(Cox & Hedley) 

Hymenoptera 

Peronomyrmex bartoni 
Shattuck & Hinkley 
Myrmecia sp. 17 
Xylocopa aerates (Smith) 

Coleoptera 

Temognatha flavocincta 
(Gory & Laporte) 

T. maculiventris (Macleay) 

T. sanguinipennis 
(Gory & Laporte) 

T. tricolorata (Waterhouse) 

T. congener (Saunders) 

T. duboulayi (Saunders) 
T.fortnumi (Hope) 

T. pascoei (Saunders) 

Castiarina cyanipes (Saunders) 

C. insularis (Blackburn) 

C. jekellii (Saunders) 

C. militaris (Carter) 

C. mima (Saunders) 

Lepidoptera 

Synemon discalis Strand 
S. nais Klug 
S. jcaria R.Felder 
S. plana Walker 

S. selene Klug 

S. theresa Doubleday 
Hecatesia exultans Walker 
‘ Hestiochora rufiventris (Walker) 
H. tricolor (Walker) 

Antipodia atralba (Tepper) 
Antipodia chaostola chares 
(Waterhouse) 

Trapezites luteus luteus (Tepper) 

Hesperilla flavescens flavescens 
Waterhouse 


Vulnerable. All specimen records from same locality. 
Vulnerable. Single locality. 

Endangered. Very small range. 

Endangered. Records all from same general locality 


Critically endangered. Two specimens from 

separate localities in central Victoria 

Vulnerable. Records from about 60 sites; widely distributed 

Regionally extinct, ca 20 documented specimens, some with only vague 

data. Not seen in Victoria for >60 years 

Vulnerable. Few records, most from western Victoria; 
one from Melbourne area probable introduction in wood. 

Vulnerable. Two localities, both western Victoria. 

Vulnerable. Two records from widely separated localities. 

Vulnerable. One record, north west Victoria. 

Data deficient. One record, north west Victoria. 

Data deficient. (One record: likely mislabelling: ? not in Victoria) 

Data deficient. One record. 

Data deficient. Two records, separate localities. 

Data deficient. Eight records, western Victoria: range quite extensive. 
Data deficient. Three records, widely separated localities. 

Data deficient. Three records, north west Victoria. 

Data deficient. Three records, widely separated localities; 
one near Melbourne an introduction? 

Data deficient (one record believed misidentification; not in Victoria) 


Critically endangered. Records from two localities in north west of Victoria. 
Critically endangered. Few records, from three nearby sites. 

Critically endangered. 8 records, several localities in north and west Victoria. 
Critically endangered. Many records, increased markedly in last few years; 
important flagship species for native grasslands. 

About 16 localities reported, but long believed extinct in Victoria before 
rediscovery in 1991; polymorphic and parthenogenetic. 

Regionally extinct. Few records; not seen in Victoria for about 100 years 
Near threatened. Few records, western Victoria. 

Data deficient. Few records, western Victoria. 

Data deficient. Few records, southern Victoria. 

Endangered. Records from 4 locations in north west Victoria. 

Data deficient, ca 50 records, widely 

distributed from central to western Victoria, many records from 
Grampians area. 

Endangered. Few small isolated populations in central Victoria. 

Severely threatened by habitat loss. 

Vulnerable. Records from small coastal/subcoastal sedgelands south and 
west of Melbourne: substantial conservation interest. 
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Appendix (continued) 


Taxon 


Status, specimen records, comments 


H. mastersi mastersi 
Waterhouse 

Pasma tasmanica (Miskin) 
Telicota eurychlora Lower 
Acrodipsas aurata Sands 

A. brisbanensis cyrilus 
(Anderson & Spry) 

A. myrmecophila 
(Waterhouse & Lyell) 

Candalides absimilis ssp 
C. noelkeri Braby & Douglas 

Hypochrysops ignitus ignitus 
(Leach) 

Jalmenus icilius Hewitson 

Ogyris genoveva araxes 
(Waterhouse & Lyell) 

O. halmaturia (Tepper) 

O. subterrestris subterrestris Field 

O. otanes C. & R. Felder 

Paralucia pyrodiscus lucida 
Crosby 

Tl'ieclinesthes albocincta 
(Waterhouse) 

Pseudalmenus chlorinda fisheri 
(Blanchard) 

Oreixenica latialis theddora 
Couchman 

Heteronympha cordace wilsoni 
Burns 


Hypocysta adiante (Hubner) 


Data deficient. Records from far south east Victoria. 

Vulnerable. Widespread but localised in western and south western Victoria. 
Vulnerable. One record, far south east Victoria. 

Data deficient. Single Victorian record near New South Wales border, 
north west of Corryong. 

Endangered. Scattered widely over central and western Victoria; 
biology poorly known. 

Critically endangered. Records are mostly historical; 
currently known from only two sites in Victoria. 

Data deficient. Scattered populations mainly in eastern Victoria. 

Critically endangered. Few records, few small populations in inland north 
west Victoria 

Vulnerable. Widespread but populations localised and small; 
some populations known to have become extinct. 

Vulnerable. Formerly widespread in central and western Victoria; 
now scarce with several populations known to have become extinct. 
Vulnerable. Widespread from central to 
western Victoria. Scarce, locally extinct near Melbourne. 

Regionally extinct. Mainly western Victoria; no confirmed Victorian 
records since 1945. 

Vulnerable. North west Victoria. Formerly at Mildura but now probably 
extinct there; last specimens collected in 1972. 

Critically endangered. Few records from Big Desert, western Victoria. 
Most reports from 1970s; may be locally extinct. 

Endangered. Records from few disjunct localities in central and western 
Victoria. Important flagship species for urban conservation. 

Endangered. Localised populations in north western Victoria. 

Vulnerable. Likely endemic to Grampians region; taxonomy unsettled. 

Endangered. Narrow range endemic on Mt Buffalo plateau; 
entire range within national park 
Regionally extinct/Critically endangered. 

Few records, confined to far south west of Victoria, but possibly similar 
form in Grampians. Unpublished reports of recent incidence in far south 
west Victoria. 

Regionally extinct. Single specimen recorded from eastern Victoria in 
1933: ? possible vagrant 



Common brown. 

Photo by Michael F Braby 
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Ecological aspects of new populations of the threatened Golden sun 
moth Synemon plana on the Victorian Volcanic Plains 

Geoff Brown, Arn Tolsma and Ed McNabb 


Arthur Rylah Institute for Environmental Research, Department of Sustainability and Environment, 

123 Brown Street, Heidelberg, Victoria 3084. Email: geoff.brown@dse.vic.gov.au 

Abstract 

Targeted surveys for the threatened Golden sun moth Synemon plana (Lepidoptera: Castniidae) (GSM) were 
conducted across the Victorian Volcanic Plains in the summers of 2009 and 2010 in order to address the lack 
of information for this moth in this bioregion. We aimed to locate new populations and accumulate further 
ecological information for the moth. New populations were recorded at 46 sites overall, many of which were 
located in the west of the Victorian Volcanic Plains, presumably because of more intensive survey effort there. 
Survey returns differed between years, most likely as a consequence of different weather conditions. The GSM 
was generally located at sites dominated by native grasses, and was significantly positively correlated with wal- 
laby grasses Rytidosperma spp. Both the habitat of GSM and the weather conditions under which the moth is 
active may not be as strictly defined as previously thought. (The Victorian Naturalist 129 (3), 2012, 77-85) 

Keywords: grasslands, Lepidoptera, threatened invertebrate, survey protocol 


Introduction 

The Golden sun moth Synemon plana Walker, 
1854 (Lepidoptera: Castniidae) (GSM) is a 
medium-sized (wingspan 31-34 mm) day-fly- 
ing moth restricted to Victoria, the Australian 
Capital Territory and adjacent areas of south- 
ern New South Wales (Fig. 1) (Department of 
the Environment Water Heritage and the Arts 
2009; O’Dwyer and Attiwill 2000). 

The GSM was listed in December 2002 as Criti- 
cally Endangered under the Commonwealth En- 
vironment Protection and Biodiversity Conserva- 
tion Act 1999. The GSM is also listed as Critically 
Endangered in Victoria (http://www.dse.vic.gov. 
au/plants-and-animals/native-plants-and-ani- 
mals) and Endangered in both New South Wales 
(http://www.threatenedspecies. environment. 
nsw.gov.au) and the Australian Capital Territory 
(http:/ / www.tams.act.gov.au/ play / pcl/conserva- 
tion_and_ecological_communities). The GSM 
is also listed as a threatened species under the 
Victorian Flora and Fauna Guarantee (FFG) Act 
1988 (Department of Sustainability and Envi- 
ronment 2008), and in an Action Statement pre- 
pared for it (Department of Sustainability and 
Environment 2004). 

This moth inhabits grassy areas, including 
native grasslands and grassy woodlands as 
well as areas of introduced pasture grasses and 
weeds. An open tussock structure with sparse 
inter-tussock spaces or much bare ground is 
presumed to be an important attribute of a site 


supporting the species (Department of the En- 
vironment Water Heritage and the Arts 2009; 
Gilmore et al. 2008). Historically, this moth was 
thought to be confined to areas of native grass- 
land and grassy woodland where the cover of 
wallaby grasses Rytidosperma spp. exceeds 40% 
(O’Dwyer and Attiwill 2000). However, recent 
surveys around Melbourne, including those re- 
ported here, revealed that non -native grasslands 
were also used by this species, including sites 
where the cover of wallaby grasses was much 
lower than 40% (Biosis Research Pty Ltd 2008; 
Brown and Tolsma 2010). In this paper, wallaby 
grasses are ascribed to the genus Rytidosperma , 
recently assembled from several genera, includ- 
ing Austrodanthonia (Linder et al 2010). 

The larvae of GSM are believed to spend two 
to three years underground and feed on the 
roots of native and some introduced grasses. 
The adult moths emerge usually from mid- 
October to early January, although this varies 
between years depending on climate and loca- 
tion (Department of the Environment Water 
Heritage and the Arts 2009). Adult moths do 
not have functional mouthparts and therefore 
are unable to feed. They live for just a few days 
after emergence (O’Dwyer and Attiwill 2000). 
The GSM exhibits a high degree of sexual di- 
morphism and the females are semi-flightless: 
they tend to remain on the ground, exposing 
their brightly-coloured hind wings to attract 
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Fig. 1 . Confirmed locations of the GSM in south-eastern Australia (Victorian Biodiversity Atlas, DSE, and 
Daniel Gilmore, Biosis Research Pty Ltd). Pale green shading = Victorian Volcanic Plains. 


low-flying patrolling males (Department of 
Sustainability and Environment 2004; Depart- 
ment of the Environment Water Heritage and 
the Arts 2010). 

Recent surveys around Melbourne have in- 
creased the number of known populations of 
this species, particularly to Melbourne’s north 
and west (e.g. Biosis Research Pty Ltd 2008; 
Gilmore et al. 2008), yet little is known of its 
occurrence further west across the Victorian 
Volcanic Plains bioregion, south-western Vic- 
toria, which predictive modelling suggests will 
provide many areas of potentially suitable habi- 
tat (M White, pers. comm.). Records from the 
Victorian Biodiversity Atlas (Department of 
Sustainability and Environment) reveal that, 
prior to our surveys, 200 records existed for the 
GSM on the Victorian Volcanic Plains, most of 
which (91%) were located within 60 km of the 
Melbourne CBD, primarily as a result of sur- 
veys preceding urban development (e.g. Biosis 
Research Pty Ltd 2008) (Fig. 2). 


Aim 

The general aim of this project was to under- 
take on-ground surveys for the GSM across the 
Victorian Volcanic Plains during the 2009 and 
2010 flight seasons to further determine the 
distribution of the species within this bioregion 
and refine our understanding of GSM habitat. 

Methods 
Study area 

The Victorian Volcanic Plains bioregion cov- 
ers 2.3 million ha (10.4% of Victoria) and is 
delimited by Portland (in the west), Craigie- 
burn (east), Clunes (north) and Colac (south) 
(Fig. 2). It is characterised by extensive grass- 
lands and grassy woodlands with many natural 
wetlands, a long history of agriculture (sheep, 
dairying, cattle grazing and mixed cropping on 
sown pasture) and small blocks of public land. 
The native vegetation of this bioregion is one of 
the most depleted in Victoria; it is highly frag- 
mented and only 4.5% still has a cover of native 
vegetation; less than 1.2% remains in formal 
reserves (Taylor et al 2003). 
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Fig. 2. Locations of GSM survey sites and records in the Victorian Volcanic Plains (pale green shading), 
western Victoria. 


Site selection 

Potential survey areas across all land tenures 
were identified by combining a distribution 
model for GSM (based on all known sightings) 
with a probability model for the distribution 
of native grassland/native pasture (circa 2005) 
(M White, pers. comm.), its putative primary 
habitat. In this way the broad geographical 
(and ecological) extent of potential habitat was 
incorporated into the survey design; those lo- 
calities with the greatest likelihood of provid- 
ing GSM habitat were preferentially targeted 
for survey. 

To further refine the survey focus, all public 
land in the Victorian Volcanic Plains, including 
conservation reserves and roadside reserves, 
was identified and mapped, and satellite and 
other data used to identify all those areas of 
public land that might be suitable for GSM sur- 
vey (cleared or grassland rather than forest and 
not a water-body, coastal reserve, military land 
etc.). Potentially suitable private properties, 
identified from various sources, including re- 
sponses to advertisements in local and regional 


newspapers, were surveyed only if permission 
was granted. Thus, in the moth flying seasons 
of 2009 (November-December 2009) and 2010 
(November 2010-February 2011), a series of 
sites representing different land tenures across 
the Victorian Volcanic Plains was surveyed for 
GSM activity. 

Survey protocol 

Problems associated with the survey of the 
GSM are well documented (Gibson and New 
2007) and, inter alia , include ephemerality of 
the adult stage of the moth, crypsis of the fe- 
male moth, the influence of weather on moth 
activity and hence detectability, a largely unpre- 
dictable flight season, and the assumption that 
when moths are flying in one locality they are 
likely to be flying in another locality within a 
reasonable distance. 

With limited resources available, a higher 
priority was given to locating new populations 
across a broad area than confirming the ab- 
sence of the moth on a particular site by repeat- 
ed visits, as the accepted protocol for assessing 
the presence and abundance of the GSM dic- 
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tates (Department of the Environment Water 
Heritage and the Arts 2008; 2009; Gibson and 
New 2007). No estimate of total population size 
was required, just confirmation of occurrence 
and a count of individuals observed at the time. 
Hence, single visits to a large number of sites 
was considered appropriate. 

The methods for surveying the GSM were 
based on those documented elsewhere (Depart- 
ment of the Environment Water Heritage and 
the Arts 2008; 2009; Gibson and New 2007). 
Surveys were conducted only during appropri- 
ate weather conditions, at a suitable time of day, 
by experienced observers, and undertaken only 
when moths were known to be flying at known 
locations in the region. Surveys were con- 
ducted when conditions were considered suit- 
able for male flight: warm, relatively still, clear, 
sunny days, >20°C (and preferably >30°C), be- 
tween 10 am and 3 pm. Weather details were 
routinely recorded for all surveys, as was sur- 
vey effort (duration, distance). Survey transects 
were configured so as to cover the maximum 
practical amount of a study site. For instance, 
multiple parallel transects, 20 m wide, were em- 
ployed in a paddock, while roadside transects 
often comprised a single extended transect on 
each side of the road. When GSM were found, 
the locality was recorded on a hand-held GPS 
unit and habitat details documented; these 
included a visual assessment of the dominant 
ground cover and proportion of bare ground. 
At the completion of the surveys, the occur- 
rence of GSM was correlated with the cover of 
wallaby grasses using simple linear regression. 
Results 

GSM surveys were conducted from 18 Novem- 
ber to 30 December, 2009, and from 10 November, 
2010 to 2 February, 2011. In total, 307 sites were 
surveyed, 166 during summer 2009 and 141 during 
summer 2010 (Table 1). Surveys were undertaken 
mostly on public land (38.1%) and along roadsides 
(31.2%), primarily because suitable private prop- 
erties were difficult to locate and access. The 2010 
surveys were more evenly dispersed than those of 
2009, with a greater proportion of surveys con- 
ducted in the northern and eastern portions of the 
bioregion. 

In 2009, the GSM was observed at 26 sites, 
mostly in the west around Hamilton, primarily 
due to greater survey effort in that area. Sites 
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Roadside 87 13 14.9 9 2 22.2 96 15 15.6 

Tenure unknown 0 0 0 11 2 18.2 11 2 18.2 

Total 166 26 15.7 141 20 14.2 307 46 15.0 
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with GSM were generally along roadsides and 
on public land, commensurate with the larger 
number of sites surveyed in these land tenures. 
A total of 191 GSM was observed during the 
2009 surveys, of which 177 were males and 14 
were females. The GSM was first recorded on 
December 2, and the last sighting was on De- 
cember 30, 2009. Fewer sites were surveyed in 
summer 2010 due to a lack of suitable weather. 
These surveys yielded a total of 65 GSM, 55 
males and 10 females, from 20 sites. The first 
GSM was recorded on November 23, 2010, 
and the last on January 20, 2011. Moth activity 
varied substantially between seasons and sites; 
moth numbers per site varied between 1 and 40 
(Table 2). 

Weather conditions proved to be an issue 
during the 2010 survey season — few days were 
suitable for surveys. For example, at Hamilton 
Airport the temperature exceeded 30°C on only 
nine days during summer, while some rain fell 
on 38 days (http://www.bom.gov.au/). The wet- 
ter, cooler season (compared to the 2009 sea- 
son) was likely to have affected GSM activity, 
with numbers sighted being particularly low; 
the highest number recorded during a survey 
was eight. In contrast, six surveys in 2009 each 
detected 10 or more individuals. Most GSM 
were detected when temperatures were 20 to 
35°C, cloud cover was 0-25% and winds were 
light. However, our results show that GSM 
could occasionally be observed under condi- 
tions presumed less optimal, with five GSM 
detected at one site when the temperature was 
only 19°C and wind was gusting to 25 km/h. 

A visual assessment was made of the domi- 
nant ground cover taxa at each GSM site. It was 
not always possible to identify grass taxa con- 
fidently, particularly when sites were mown or 
heavily grazed; in such cases, the generic term 
‘introduced grasses’ was assigned. It is possible 
that native grass species were underestimated 
in these instances. 

The ground vegetation of survey sites where 
GSM were located was variously dominated by 
native taxa, primarily grasses: wallaby grasses, 
spear grasses Austrostipa spp., Kangaroo Grass 
Themeda triandra and Weeping Grass Micro- 
laena stipoides (Table 2). This is not surprising, 
given that prospective study sites were iden- 
tified a priori by mapping native grassland/ 


pasture. Even so, 19 of 46 (41%) sites revealed 
at least 10% ground cover of introduced taxa. 
Several sites were dominated by high cover 
of Brown-top Bent Agrostis capillaris , Couch 
Grass Cynodon dactylon, or Perennial Ryegrass 
Lolium perenne (Table 2). 

GSM were found mostly at sites with > 10% 
cover of wallaby grasses (Table 2). The contri- 
bution by wallaby grasses varied substantially 
across GSM sites, from none recorded to 80% 
cover. Where wallaby grasses were recorded 
they had a mean cover of 30.5% (±3.5 s.e.). 
Wallaby grasses were not always present at 
GSM sites, but there was nonetheless a posi- 
tive relationship between the cover of wallaby 
grasses and the number of GSM sighted (sim- 
ple linear regression, P = 0.012) (Fig. 3). This 
suggests that wallaby grasses may indeed be 
useful to the moths (or an indicator of good 
habitat), even though these plants appear not 
to be essential for them. The proportion of bare 
ground on GSM sites fell in the range 0-60%, 
with a mean of 16.4% (±2.2 s.e.). 

Discussion 

The 2009 and 2010 summer surveys of the Vic- 
torian Volcanic Plains confirmed the presence 
of the GSM at new locations, mostly in the west 
around Hamilton and Dunkeld, and elsewhere, 
including north of Ballarat and around Me- 
redith. These new records are likely to reflect 
increased survey effort rather than range exten- 
sions — to our knowledge, no regional-scale 
surveys have been conducted for the GSM in 
western Victoria. 

While it was not the objective of this study to 
evaluate GSM population sizes — we simply 
wanted to confirm the presence of the moth — 
no comparative assessment of populations was 
possible because study sites differed in size, the 
effort per site varied and weather conditions 
differed between surveys (despite attempts to 
survey under optimal conditions). 

Indeed, the study had several limitations, in- 
cluding detectability and observer bias, which 
we attempted to address in our approach to the 
survey. That is, surveys were conducted only 
during suitable weather (although this rule 
was slightly relaxed in the 2010 season when 
it became apparent that the number of suitable 
days was likely to be few), observers were ex- 
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Table 2. Golden Sun moth sightings by dominant ground vegetation taxa (as % cover) and proportion of bare ground, where recorded, summer 2009 and 
2010. * = introduced. 

Bare 

Year Number Dominant % Dominant % Dominant % ground 

of GSM taxon 1 taxon 2 taxon 3 (%) 
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Fig. 3. Relationship 
between GSM sightings 
and the estimated % cover 
of wallaby grasses Ryti- 
dosperma spp., 2009-2011 
surveys. 


perienced and familiar with GSM behaviour, 
sufficient time was devoted to survey on each 
prospective site, and surveys were conducted 
only when moths were known to be flying at 
strategic reference localities. A single visit to 
each prospective site is the major limitation of 
this study, especially given unpredictable emer- 
gence times and activity levels of the moth; con- 
sequently, there are likely to be false absences 
in the data. Gilmore et al. (2008) believe that 
the occurrence of the GSM at a site can be de- 
termined by a maximum of two site visits, pro- 
vided certain survey conditions are adhered to, 
centred on timing, weather conditions and sur- 
vey effort. This contrasts with a widely-adopted 
peri-urban survey protocol, which advocates 
up to four ever- intensive searches at sites, while 
noting that this approach is designed to sub- 
stantiate the absence of GSM rather than con- 
firm presence (Department of the Environment 
Water Heritage and the Arts 2008). 

The 2010 surveys for GSM were undertaken 
when weather conditions were assumed a 
priori to be suitable (sunny, warm to hot, low 
cloud cover and light wind), limiting analyses 
of the relationship between GSM sightings and 
weather conditions. Nonetheless, our data show 
that GSM could be occasionally observed under 
conditions presumed less optimal. Moths were 
observed (sometimes in high numbers) at four 
sites when cloud cover was 25-50%, and one 


was found at a site when cloud cover was 50- 
75%. Six moths were found at one site in light- 
moderate winds (average wind speed 4.4 km/h, 
but gusting to 27.6 km/h) when the tempera- 
ture was 39°C, and moths were observed flying 
at two sites in mid-morning when the tempera- 
ture had not yet reached 20°C and cloud cover 
was low. 

Historically, the GSM was thought to be con- 
fined to areas of native grassland and grassy 
woodland with a cover of wallaby grasses of 
more than 40% but with an open tussock struc- 
ture that allowed for bare spaces (O’Dwyer and 
Attiwill 2000). Recent surveys around Mel- 
bourne indicated that non-native grasslands 
were also used by this species, including sites 
where the cover of wallaby grasses was much 
lower than 40%; these sites were often heav- 
ily infested with Chilean needle-grass Nassella 
neesiana and other exotic grass species (Biosis 
Research Pty Ltd 2008; Gilmore et al. 2008). We 
found no infestations of Chilean needle-grass 
on sites supporting GSM during our study, al- 
though it is now well established throughout 
Victoria and common in the eastern third of 
the Victorian Volcanic Plains, and it is known 
to favour more fertile soils, particularly volcan- 
ic soils (http://www.weeds.org.au/). 

Our data partially support both findings: the 
presence of wallaby grasses was important, yet 
eight of the 46 GSM sites were dominated by 
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introduced grasses, including Brown-top Bent 
(Table 2). The greatest number of GSM ob- 
served (30 males and 10 females) was at the 
Parklands Golf Club, Hamilton, but the observ- 
er was unable to identify the grass species on 
the edge of the closely-mown fairway. Native 
grasses dominated the nearby ‘rough’, and given 
that there is a high cover of bare ground (40%), 
the fairway grass is likely to be an opportunis- 
tic mix of introduced and native grasses. It is 
possible that GSM were using the fairway only 
for searching after breeding in the ‘rough’. The 
value of golf courses for insect conservation has 
been acknowledged elsewhere (New 2005). 

Some introduced grass species may have a 
suitable tussock form that allows female GSM 
to oviposit and larvae to feed. However, it re- 
mains to be determined whether exotic tus- 
socks are suitable for supporting sustainable, 
long-term populations, or represent an inferior 
last resort. 

Conclusion 

Our study has improved substantially the 
knowledge of the distribution and habitat of 
the GSM on the Victorian Volcanic Plains. 
The GSM is likely to be more widespread than 
current records suggest, as evidenced by the 
plethora of recent discoveries in grasslands on 
the periphery of Melbourne as a consequence 
of intensive surveys. The fact that the moth is 
regularly found in locations dominated by in- 
troduced grasses — not the focus of this study 
— also suggests a broader distribution. We ad- 
vocate further surveys to clarify the moth’s dis- 
tribution and conservation status, and believe 
that studies that incorporate the influences on 
detectability of weather and survey approach 
(including technique and effort) will also be 
useful. 
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Further notes on the butterfly fauna of La Trobe 
Wildlife Sanctuary and adjacent nature conservation 
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Abstract 

A revised list of the butterflies of the La Trobe Wildlife Sanctuary and adjacent nature conservation reserves 
near Melbourne is presented based on intermittent observations and collections between 1989 and 2011. A 
total of 31 species is recorded, of which 22 (71%) are considered to be resident. Of the resident species, nine 
(41%) specialise as larvae on Poaceae. Populations of three resident species that were previously absent have 
become established via different pathways: Trapezites symmomus was translocated deliberately in 1988, Trape- 
zites phigalioides appears to have been introduced unintentionally in the late 1990s, while Toxidia doubledayi 
invaded the area naturally during a period of range expansion during the 1990s. The introduction of the hes- 
periid Trapezites symmomus involved several key elements, namely community education in relation to the 
principles of butterfly conservation, involvement of local science students and park rangers, increasing the 
extent and integrity of the butterflies’ habitat through collection and propagation of the larval food plant, trans- 
location of the larval stage of the butterfly, and long-term monitoring of the species over 20+ years. Ecological 
restoration and conservation management of the reserves estate over the past two decades appears to have 
benefited the grass- and Lomandra - feeding specialists and other butterflies associated with the understorey 
ground layer. The success of the T. symmomus introduction suggests that other more threatened species in the 
Melbourne area associated with monocot food plants could potentially be established in conservation reserves 
through such translocation programs. (The Victorian Naturalist 129 (3), 2012, 86-97) 


Keywords: butterfly translocation, conservation management, ecological restoration, urban butterfly 
conservation 


Introduction 

Butterflies are widely recognised as an impor- 
tant flagship group for promoting the wider 
concerns and conservation needs of inverte- 
brates, and in recent years consideration of sev- 
eral species in Australia has been instrumental 
in formulating reserve design for conservation 
planning, particularly in semi-natural, urban 
landscapes (Sands and New 2002; New and 
Sands 2002). About 75 species of butterflies oc- 
cur in the greater Melbourne region, and they 
are one of the best known groups of insects in 
terms of biological and distributional knowl- 
edge (Yen 2011). Although a substantial variety 
of butterflies still exists in the network of small 
reserves throughout the urban matrix of Mel- 
bourne (New and Sands 2002), there is ample 
evidence to indicate that several species have 
declined in extent as a result of ongoing urban 
expansion and the concomitant loss or modi- 
fication of critical habitats (Braby 1989, 1991; 
Braby et al. 1992; Faithfull 1992; Field 1995; 
Sands and New 2002; Yen 2011). Threatened 


species near Melbourne such as the Eltham 
copper Paralucia pyrodiscus and Altona skipper 
Hesperilla flavescens have become pivotal am- 
bassadors for insect conservation through the 
protection and management of urban popula- 
tions in dedicated conservation reserves (Field 
1995; New and Sands 2002; New et al. 2007; 
Canzano et al. 2007; Relf and New 2009; Yen 
2011). The perpetuity of this remnant urban 
butterfly fauna hinges very much on measures 
to foster site security and habitat protection, to- 
gether with ongoing conservation management 
to mitigate threats and maintain or restore nat- 
ural ecological processes. 

La Trobe University lies approximately 13 
km north-east of Melbourne, and its urban 
butterfly fauna was documented in a previous 
report (Braby 1989) in which 28 species were 
listed. The species were recorded during the 
1980s mainly from three conservation reserves, 
La Trobe Wildlife Sanctuary, Gresswell Forest 
Nature Conservation Reserve, and Gresswell 
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Hill Nature Conservation Reserve, which at 
that time was managed by Mont Park Mental 
Health Authority. Overall, the butterfly fauna of 
the reserves estate managed by La Trobe Uni- 
versity was considered to have high conserva- 
tion significance because of its close proximity 
to Melbourne and inclusion of a prominent 
hilltop. The reserves preserve samples of rem- 
nant indigenous river-red gum woodland and 
grassland (which have now been substantially 
enhanced through active conservation manage- 
ment) that support a number of localised and 
ecologically specialised species of butterflies. 
These vegetation types have largely disappeared 
in the lower Yarra Valley and adjacent basalt 
plains of Melbourne due to extensive urbani- 
sation, and it was considered that the reserves 
support significant locally adapted populations 
of butterflies that may be poorly represented in 
conservation reserves elsewhere in the inner 
north-eastern region of Melbourne. Gresswell 
Hill NCR comprises a prominent hilltop with 
extensive natural vegetation that is used as a 
landmark for mate-location by many butter- 
flies, including non-resident species which en- 
ter the area from nearby bushland areas beyond 
the sea of residential houses that surround the 
reserves. 

Until relatively recently, the reserve estate 
managed by La Trobe University comprised 
four discrete areas that totalled around 105 
ha: La Trobe Wildlife Sanctuary (c. 29 ha), 
Gresswell Hill NCR (c. 9 ha), Gresswell For- 
est NCR (c. 50 ha, including perimeter buffer) 
and Gresswell Habitat Link NCR (c. 17 ha). 
The last-mentioned area comprises a broad 
corridor of land that connects the western end 
of Gresswell Forest NCR with the northern 
boundary of La Trobe Wildlife Sanctuary and 
lies between Gresswell Hill NCR and Strathal- 
lan Golf Course; it was established in 1993 
and then added to La Trobe University reserve 
management estate in 1996. However, in 2011 
Gresswell Hill NCR, Gresswell Forest NCR and 
Gresswell Habitat Link NCR were all excised 
from management by La Trobe University and 
transferred to the Department of Sustainability 
and Environment. 

Since 1989 I have made intermittent obser- 
vations and collections of butterflies from La 
Trobe Wildlife Sanctuary, Gresswell Hill NCR 


and Gresswell Forest NCR. New records based 
on these observations are detailed below, to- 
gether with a summary of the composition 
and occurrence of each species in these three 
reserves. Of particular interest is the successful 
translocation of a local species, the Splendid 
Ochre Trapezites symmomus , that was previ- 
ously absent from the reserves. This example 
represents one of very few attempts of intensive 
habitat restoration targeted for a particular spe- 
cies of invertebrate (Yen 2011). 

Observations 

Splendid Ochre Trapezites symmomus 

This univoltine species was previously absent 
from La Trobe University, but in late 1988 it 
was deliberately introduced into Gresswell For- 
est NCR (Braby 1991). Prior to 1988, the larval 
food plant, Spiny-headed Mat-rush Lomandra 
longifolia (Fig. 1), occurred naturally in two 
small remnant patches within the reserve but 
it did not support a colony of the butterfly, pos- 



Fig. 1 . Indigenous remnant patch of Lomandra longi- 
folia (shown bottom left), the larval food plant of Tra- 
pezites symmomus, in Gresswell Forest Conservation 
Nature Reserve growing in Eucalyptus camaldulensis 
dominated grassy woodland. Photo: 2 October 2011. 
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Fig. 2. Release site (‘western 
patch’) for the founding popula- 
tion of Trapezites symmomus in 
Gresswell Forest Conservation 
Nature Reserve. The site was 
augmented with a substantial 
number of tussocks of Lomandra 
longifolia propagated in the La 
Trobe Wildlife Sanctuary’s nurs- 
ery in 1988-90. The site was burnt 
to its entirety in March 2003; 
this figure shows the plants fully 
regenerated two years after that 
control burn. Photo: 28 February 
2005. 


sibly because there were too few plants to sup- 
port a viable population. One patch, hereafter 
referred to as the western patch’ (37.71222°S, 
145.071 18°E; WGS84), occurred approxi- 
mately in the centre of Gresswell Forest NCR 
to the west of Salt Creek (near the intersection 
of Centre and Antechinus Tracks). The second 
patch, hereafter referred to as the eastern patch’ 
(37.71406°S, 145.07185°E; WGS84), occurred 
to the east of Salt Creek 200 m SSE of the ‘west- 
ern patch’. 

The introduction was achieved firstly by in- 
creasing the extent and integrity of the but- 
terflies’ habitat of the ‘western patch’ through 
collection and propagation of local seed of the 
larval food plant (Fig. 2) and planting the seed- 
lings in 1988, 1989 and 1990, and secondly by 
establishing a founding population of the but- 
terfly through translocation of the larval stage 


with the assistance of secondary environmen- 
tal science students in 1988 (Fig. 3). Data was 
not kept on the number of plants propagated or 
their rate of survival in situ, but it was estimat- 
ed that approximately 50-100 seedlings were 
planted. The source areas for the translocation 
comprised eight sites in the lower Yarra valley 
within 25 km of La Trobe University, and in- 
cluded Bundoora- Plenty, Smiths Gully, Eltham, 
Warrandyte, Mitcham, Burwood and Kew in 
order to maximise diversity of the local gene 
pool (Table 1). In total, 172 mid to late instar 
larvae were collected and introduced during 
October-December 1988, with up to six larvae 
inside their tubular shelters placed on individ- 
ual tussocks of the food plant. 

Following translocation, sites were moni- 
tored intermittently for the presence/absence 
of the species between 1989 and 2011 in order 


Table 1. Source localities from which larvae of Trapezites symmomus were collected from the lower Yarra valley 
and introduced into Gresswell Forest Nature Conservation Reserve. 


Location 

Number of larvae 

Date 

Yarra River, Normans Reserve, Warrandyte North 

34 

02 Oct 1988 

Diamond Creek, Eltham North Reserve, Eltham North 

21 

02 Oct 1988 

Diamond Creek, Eltham Lower Park, Eltham 

44 

10 Nov 1988 

Old Caledonia Gully, Peter Franke Reserve, Smiths Gully 

17 

10 Nov 1988 

Mullum Mullum Creek, Yarran Dheran, Mitcham 

28 

10 Nov 1988 

Plenty River Gorge, Bundoora-Plenty 

13 

12 Nov 1988 

Yarra River, Studley Park, Kew 

10 

28 Dec 1988 

Wattle Park, Burwood 

5 

29 Dec 1988 

Total 

172 
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89 


Fig. 3. Secondary science students from Bundoora Secondary College (formerly Greenwood High School), together with ranger Laurie 
Whelan (back row, third from left) and Michael Braby, Gary Forbes and ranger George Paras (front row, left to right), involved with the 
collection of larvae of Trapezites symmomus from Yarran Dheran, Mitcham, a source site used in the experimental translocation of the 
species into Gresswell Forest Conservation Nature Reserve. Photo: 10 November 1988. 
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to determine the relative success or failure of 
the introduction (Table 2). Within the first two 
years of the introduction, larvae were present at 
both the founder site (‘western patch’) and the 
second remnant indigenous patch of Loman- 
dra longifolia (‘eastern patch’), indicating that 
not only had the species survived two seasons 
(generations), but had expanded to colonise 
new previously unoccupied habitat. In 1991 
and 1994, it was found breeding on planted tus- 
socks of the food plant in the nearby La Trobe 
Wildlife Sanctuary, indicating that within three 
years of introduction the butterfly had colonised 
re-created habitat 2 km SW of the founder site. 
In March 2003, the food plants at the ‘western 
patch’ were burnt in their entirety by fire dur- 
ing a control burn for weed management (G. 
Paras pers. comm. 2003). A month later, the 
food plants were starting to regenerate but no 
early stages of the butterfly were present, except 
on a few indigenous tussocks 50 m north of the 
‘western patch’ that escaped fire. Two seasons 
later, adults were recorded at both the ‘west- 
ern’ and ‘eastern’ patches in Gresswell Forest 
NCR, indicating that the species had survived 
the control burn and, most likely, had recolo- 
nised the ‘western patch’. During my last cen- 
sus at Gresswell Forest NCR (2 October 2011), 
precisely 23 years after the first batch of larvae 
were introduced into the reserve (2 October 
1988), large numbers of late instar larvae were 
detected at the ‘western patch’ (Table 2). Larvae 
were also recorded along Salt Creek near the 
southern boundary of Gresswell Forest NCR on 
food plants that had spread via natural recruit- 
ment downstream from the ‘eastern patch’. In 
addition to the observations reported in Table 
2, G Paras (pers. comm. 2011) has noted that 
adults of the butterfly have been observed in 
most years at Gresswell Forest NCR, from 1989 
to the present time. 

Montane Ochre Trapezites phigalioides 

This species was not previously recorded from 
La Trobe University during earlier field studies. 
On 29 November 2001, 1 recorded three males, 
of which two were collected, hilltopping at the 
summit of Gresswell Hill NCR. All individuals 
perched on low grass in a small open (cleared) 
sunny area. 


Bright Shield-skipper Signeta flammeata 

This species was previously considered to be a 
vagrant to La Trobe University, its occurrence 
based on only two males at Gresswell Hill NCR 
in February and March 1988 (Braby 1989). On 
20 January 1993, several males (c. 5) were ob- 
served hilltopping at the summit of Gresswell 
Hill NCR during late afternoon; all individu- 
als were either ‘dog-fighting’ or perched on the 
outer foliage of a Golden Wattle Acacia pyc- 
nantha tree 6-7 m above ground level. The oc- 
currence of this species throughout the broad 
flight period during late summer (Jan-Mar) 
and presence of multiple hilltopping individu- 
als in mid-January suggests the species is prob- 
ably resident in the area. 

Lilac Grass-skipper Toxidia doubledayl 

This species was not previously recorded from 
La Trobe University during earlier field stud- 
ies. On 25 December 1994, 1 made an extensive 
search for the species in Gresswell Forest NCR 
but failed to detect it, despite the fact that adults 
were abundant further east at Eltham at the 
same time. However, several years later, on 29 
November 2001, I recorded the species in the 
La Trobe Wildlife Sanctuary (1 male collected 
at the nursery), at Gresswell Forest NCR (1 
male collected from near southern entrance), 
and at Gresswell Hill NCR (2 males collected) 
where adults were particularly abundant, espe- 
cially on the eastern slope around patches of 
introduced blackberry, but also at the summit. 
On blackberry, males showed a distinct ten- 
dency to perch on the large white flower petals 
and less frequently on the green leaves of this 
noxious weed. 

Greenish Grass-dart Ocybadistes walkeri 

A final instar larva was collected on a blade of 
a large tussock of Lomandra longifolia at Gress- 
well Forest NCR on 2 October 2011; the larva 
pupated a few days later and a female emerged 
on 16 October 2011. Clumps of Ehrharta erecta 
grew amongst the L. longifolia and this intro- 
duced grass may have been the larval food 
plant; that is, the larva may have left the grass 
to pupate amongst the broad leaves of the L. 
longifolia tussock. 
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Table 2. Summary of field observations on Trapezites symmomus at Gresswell Forest Nature Conservation Reserve (GFNCR) and La Trobe Wildlife Sanctuary 
(LTUWS) during 1988-2011. Searches for the early stages on each occasion were approximately 30 mins unless otherwise stated. LFP = larval food plant Loman- 
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at eastern patch’, as well on plants regenerating along Salt Creek c. 100 m S of eastern patch’; LFP in good 
condition following La Nina drought breaking rains. 

4 Oct 2011 LTUWS 9 mid instar larvae recorded on several tussocks of LFP near main lake. 
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Imperial Jezebel Delias harpalyce 

This species was previously recorded infre- 
quently (at Gresswell Hill NCR and university 
campus) and it was suggested to be a visitor to 
La Trobe University (Braby 1989). However, 
four empty pupal shells on a remnant larval web 
were recorded on Creeping Mistletoe Muelleri- 
na eucalyptoides parasitising a River Red Gum 
Eucalyptus camaldulensis host tree at Gresswell 
Forest NCR on 15 December 1989. On 10 July 
1990, several empty pupal shells of D. harpal- 
yce were located on a clump of M. eucalyptoides 
parasitising E. camaldulensis growing near the 
car park entrance (Greenwood Drive) of Gress- 
well Forest NCR. D Britton (pers. comm.) also 
reared adults from the latter location in late 
1989. These observations suggest that a breed- 
ing population of the species is established and 
that the species is resident in the area. 

Lesser Wanderer Danaus petilia 

This migratory species was previously known 
only from single sightings on La Trobe Wildlife 
Sanctuary and nearby areas (Braby 1989). On 
3 January 1993, an individual was observed at 
1530 h in a grassy area near the northern en- 
trance of Gresswell Forest NCR. 

Shouldered Brown Heteronympha penelope 

This species was previously considered to be 
a vagrant to La Trobe University, with only 
one male recorded at Gresswell Hill NCR on 
19 March 1988 (Braby 1989). However, on 14 
March 1993 a female was observed along the 
central track of Gresswell Forest NCR. Sub- 
sequently, adults of both sexes were found to 
be common in the reserve on 2 March 2004, 
although they were restricted to better qual- 
ity grassy woodland. The following season, the 
species was noted to be very abundant at Gress- 
well Forest NCR on 28 February 2005, with 
many freshly emerged adults observed along 
and near the central creek system. Of particular 
note was the capture, on 2 March 2004, of an 
albinic male in which the orange ground colour 
was replaced with pale creamish-brown. 

Ringed Xenica Geitoneura acantha 

Only small numbers of this species were pre- 
viously recorded from La Trobe University, 
mostly from Gresswell Forest NCR where it was 
very localised along Salt Creek (Braby and New 


1989). In 1986, the maximum number of adults 
recorded in this reserve during counts over a 2 
km transect conducted throughout the entire 
flight season was only six (Braby and New 1989). 
However, on 28 February 2005 adults were not- 
ed to be particularly abundant (>30 observed 
over 1 h observation period) over a wide area 
along Salt Creek in the southern half of Gress- 
well Forest NCR. I also recorded two males in a 
dense grassy shaded area on the upper slopes of 
Gresswell Hill NCR on 20 January 1993. 

Marbled Xenica Geitoneura klugii 

This species was previously recorded from early 
December to mid April at Gresswell Forest NCR 
(Braby and New 1989). On 29 November 2001, 
I recorded two males hilltopping at Gresswell 
Hill NCR, which represents an early season 
record. Kearney et al. (2010) found in males of 
the satyrine Heteronympha merope a significant 
correlation between adult emergence and year, 
which was correlated with global temperature 
rise, in the Melbourne area during the twenti- 
eth century. Whether males of G. klugii are also 
now emerging earlier remains an open ques- 
tion, but is likely given the decade of warm, dry 
conditions experienced during the 2000s. 

Dark Purple Azure Ogyris abrota 

This species was previously recorded breeding 
at Gresswell Hill NCR and university campus 
(Braby 1989). On 15 December 1989, numer- 
ous hatched eggs, eight early instar larvae, and 
two empty pupal shells were recorded at Gress- 
well Forest NCR, the early stages being found 
under loose bark of a sapling of the host tree 
Eucalyptus camaldulensis which supported a 
clump of the larval food plant Muellerina eu- 
calyptoides. The following season, numerous 
empty egg shells and three empty pupal shells 
were recorded on the same mistletoe clump on 
10 July 1990. On this occasion the eggs had been 
deposited mostly on the adventitious roots and 
branches of the mistletoe, but one was found 
on a leaf and others were deposited on the host 
tree close to the food plant. 

Two-spotted Line-blue Nacaduba biocellata 

This species was found breeding at Gresswell 
Hill NCR where two late instar larvae were 
collected from the flower buds of Lightwood 
Acacia implexa on 20 January 1993; both larvae 
proved to be parasitised (Braby 1998). 
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Saltbush Blue Theclinesthes serpentatus 

Very few adults of this species were previously 
recorded from La Trobe University, with only 
two records in March and April (Braby 1989). 
On 1 1 May 2007, several adults (c. 5) were ob- 
served around midday during unseasonably 
warm and sunny conditions in the nursery of 
La Trobe Wildlife Sanctuary; several adults 
were freshly emerged and frequently alighted 
on potted plants, suggesting the species was 
breeding locally, most likely on chenopods be- 
ing propagated in the nursery. 

Discussion 

The new observations reported here, together 
with existing data (Braby 1989), bring the total 
list of butterflies recorded for La Trobe Wild- 
life Sanctuary and adjacent nature conserva- 
tion reserves to 31 species (Table 3). The three 
additional species, all hesperiids, appear to be 
resident, but populations of each have become 
established via different pathways. Trapezites 
symmomus was introduced deliberately in 
1988, whereas Trapezites phigalioid.es appears 
to have been introduced unintentionally in 
the late 1990s. In contrast, Toxidia doubleday i 
established itself naturally during a period of 
range expansion in the Melbourne area during 
the 1990s. 

In the case of Trapezites symmomus , the goals 
of this experimental introduction were three- 
fold: (1) to introduce secondary science stu- 
dents to practical butterfly conservation; (2) to 
assess the feasibility of establishing a ‘new’ but- 
terfly population of a species in a conservation 
reserve from which it was previously absent or 
was no longer extant; and (3) to enhance the 
local biodiversity of the La Trobe University 
reserves estate (Braby 1991). The fact that T. 
symmomus has now persisted at Gresswell For- 
est NCR for 23 years and that it colonised the 
La Trobe Wildlife Sanctuary where it has been 
established for at least 20 years since the species 
was first introduced into Gresswell Forest NCR 
in 1988 indicates that these goals have been 
achieved. Moreover, in the late 1990s and early 
2000s, a decade after initial habitat enrichment 
of T. symmomus at Gresswell Forest NCR, the 
two patches of Lomandra longifolia along Salt 
Creek, which are separated by a distance of 200 
m, were starting to expand via natural recruit- 


ment as a result of ongoing habitat restoration, 
including weed control and judicious fire man- 
agement (G Paras pers. comm. 2011). The east- 
ern patch’, in particular, is now more than twice 
its area of occupancy compared with its extent 
in the 1980s, and propagules have also started 
to colonise areas further downstream along Salt 
Creek. Thus, there is the potential for the two 
breeding habitat patches to expand further and 
eventually connect with one another. 

Trapezites phigalioides is a distinctive and con- 
spicuous skipper, and it is unlikely that it was 
previously overlooked but, equally, it is unlikely 
that it had naturally colonised the area given its 
specialised habitat requirements with larvae 
dependent on Wattle Mat-rush Lomandra fili- 
formis and its restricted distribution in the Mel- 
bourne area. It is possible that the species was 
accidentally introduced to the conservation 
reserves. Former ranger B. Smith (pers. comm. 
2003) noted that a number of the larval food 
plants of the butterfly were translocated from 
Eltham (from sites to be developed for housing, 
including Progress Road) to the La Trobe Wild- 
life Sanctuary in the late 1990s. Trapezites phi- 
galioides is resident in the Eltham area and pre- 
sumably the translocated food plants contained 
sufficient numbers of the early stages (either as 
eggs, larvae or pupae) of this species so that a 
breeding colony was inadvertently established 
in the reserves. 

In 1993, Toxidia doubleday i was recorded in 
abundance for the first time from several sites at 
Eltham where I had not seen it previously, and 
other entomologists/naturalists also observed it 
from new locations in the lower Yarra Valley, 
including East Malvern, Janefield (Plenty River 
Gorge), Cottlesbridge and Warrandyte during 
the 1993-94 flight season (Braby 1994). On the 
basis of these observations it was concluded 
that the skipper was expanding its range locally 
in the Melbourne area, possibly in response to 
unseasonably cool and wet conditions that pre- 
vailed during 1992-1994. In 1995, I found the 
species breeding at Eltham on Weeping Grass 
Microlaena stipoides , and a decade later (5 No- 
vember 2006) at Greensborough (Yandell Re- 
serve) I recorded a final instar larva within a 
rolled leaf shelter of Thatch Saw-sedge Gahnia 
radula [presumably the sedge was being used as 
a pupation site and did not represent the larval 
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food plant]. The observations made at La Trobe 
University suggest that this univoltine species 
is now established in the Wildlife Sanctuary 
and adjacent conservation reserves, and most 
likely it colonised the area naturally sometime 
between 1995 and 2000. 

Of the species recorded from the conserva- 
tion reserves and university campus, 22 (71%) 
are now considered to be resident based on 
presence of the immature stages or availabil- 
ity of larval food resources and adult popula- 
tion structure (Table 3). That is, these species 
breed regularly with some stage of the life cycle 
present at all times of the year. Of the remaining 
nine species, four are considered to be visitors 
(specimens regularly enter the area but do not 
breed or very rarely breed), two are vagrants 
(specimens occasionally enter the area but do 
not breed), and three are immigrants (popula- 
tions of migratory species which enter the area 
on a seasonal basis but do not breed) (Table 3). 
Interestingly, of the resident species a high pro- 
portion of these (9/22 or 41%) specialise as lar- 
vae on Poaceae (Table 3). These grass-feeding 
butterflies belong to two taxonomic groups: 
the Hesperiidae and Nymphalidae: Satyrinae. 
The actual species of grass used in the conser- 
vation reserves have not been determined, but 
are likely to include several of the moist, shade- 
loving species such as Microlaena stipoides, 
Poa morrisii , P. labillardieri and P ensiformis , 
all of which occur in the reserves and most are 
known larval food plants for these butterflies 
elsewhere (Braby 2000). Larval food plants for 
the other resident species include Acacia spp. 
(3 butterfly spp.), Lomandra spp. (2 butterfly 
spp.), various legumes (2 butterfly spp.) and 
the mistletoe Muellerina eucalyptoides (2 but- 
terfly spp.) which chiefly parasitises Eucalyptus 
camaldulensis. 

The key elements in successful urban butterfly 
conservation include habitat protection and site 
security, management of threatening processes, 
habitat restoration and enrichment (which may 
include translocation), and monitoring, togeth- 
er with education and scientific knowledge of 
the ecological requirements of the focal species 
(New and Sands 2002; New et al. 2007). But- 
terfly populations in urban landscapes typically 
occur in small, fragmented and isolated sites, 
which frequently require intensive manage- 


ment and ecological restoration from a variety 
of threats (Yen 2011). The major threatening 
processes facing urban butterflies in conserva- 
tion reserves are invasion of exotic weeds, hu- 
man pressures (e.g. recreation activities, rub- 
bish dumping, vegetation trampling, domestic 
and street run-off), altered fire regime includ- 
ing inappropriate fuel reduction burns, and 
vegetation succession (New and Sands 2002). 

With respect to the La Trobe Wildlife Sanctu- 
ary, Gresswell Forest NCR and Gresswell Hill 
NCR., conservation management and ecologi- 
cal restoration of these three conservation re- 
serves over the past two decades appears to 
have benefited butterflies associated with the 
understorey ground layer, in particular the 
Lomandra- feeding and several of the grass- 
feeding specialists. Previously, populations of 
Trapezites symmomus, T. phigalioides , Signeta 
flammeata, Toxidia doubledayi, Geitoneura 
acantha and Heteronympha penelope were 
either absent or occurred in very low abun- 
dance and two of these species ( S . flammeata, 
H. penelope ) were thought to be non-resident. 
However, extensive management and restora- 
tion of riparian habitats, especially revegeta- 
tion of the indigenous flora and weed control/ 
eradication over the past 20 years (G Paras and 
B Smith pers. comm. 2005), has led to dramatic 
changes in the structure and composition of the 
vegetation in Gresswell Forest NCR. In particu- 
lar, the extensive plantings of indigenous trees 
and shrubs along Salt Creek has increased the 
extent of the shaded understorey, with a con- 
comitant increase in the extent of native shade- 
tolerant grasses such as Microlaena stipoides. It 
would appear that this change in microhabitat 
has been beneficial to sedentary species such 
as G. acantha and H. penelope. In the case of 
H. penelope , it is possible that this species al- 
ways existed in Gresswell Forest NCR, but it 
was rarely detected in the 1980s due to its small 
population size. It is now resident in the reserve 
and appears to be abundant. 

The introduction of Trapezites symmomus in 
1988 and its long-term persistence in Gresswell 
Forest NCR and La Trobe Wildlife Sanctu- 
ary for over two decades represents one of few 
documented attempts to translocate a native 
species of butterfly successfully into a conserva- 
tion reserve in Australia. Mjadwesch and Nally 
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Table 3. List of butterflies recorded from La Trobe Wildlife Sanctuary (LTUWS), Gresswell Hill Nature Con- 
servation Reserve (GHNCR) and Gresswell Forest Nature Conservation Reserve (GFNCR) and their ecologi- 
cal status. Larval food plants are given for resident species: these are listed to species level where they have been 
recorded within the reserves, or to family level where they have not been not recorded within the reserves, the 
taxa listed being based on published records elsewhere for the Melbourne region. + = species recorded from 
area; o = evidence of species breeding in area, ^recorded from university campus only. 

Species 

LTUWS 

GHNCR 

GFNCR 

Ecological 

status 

Larval food plant 

Trapezites symmomus 

+, o 


+, 0 

resident 

Lomandra longifolia 

Trapezites phigalioides 


+ 


resident 

Asparagaceae 

Dispar compacta 

+ 

+ 

+ 

resident 

Poaceae 

Toxidia doubledayi 

+ 

+ 

+ 

resident 

Poaceae 

Signeta flammeata 


+ 


resident 

Poaceae 

Taractrocera papyria 

+ 

+ 

+ 

resident 

Poaceae 

Ocybadistes walkeri 

+ 

+ 

+, 0 

resident 

Poaceae 

Papilio anactus 

+ 

+ 

+ 

visitor 


Eurema smilax 

+ 



immigrant 


Belenois java 

+ 

+ 

+ 

immigrant 


Delias aganippe 


+ 


visitor 


Delias harpalyce 

+ 

+ 

+, 0 

resident 

Muellerina 






eucalyptoides 

Pieris rapae 

+ 

+ 

+ 

resident 

Brassicaceae 

Danaus petilia 

+ 


+ 

immigrant 


Danaus plexippus 



+ 

vagrant 


Vanessa itea 

+ 

+ 

+ 

visitor 


Vanessa kershawi 

+ 

+ 

+ 

resident 

Asteraceae 

Junonia villida 

+ 

+ 

+ 

resident 

Plantaginaceae, 






Scrophulariaceae 

Charaxes sempronius* 




vagrant 


Heteronympha merope 

+ 

+ 

+ 

resident 

Poaceae 

Heteronympha penelope 


+ 

+ 

resident 

Poaceae 

Geitoneura acantha 

+ 

+ 

+ 

resident 

Poaceae 

Geitoneura klugii 

+ 

+ 

+ 

resident 

Poaceae 

Hypochrysops delicia 

+, 0 

+, 0 

+, 0 

resident 

Acacia mearnsii, 






A. pycnantha 

Ogyris abrota 


+, 0 

+, 0 

resident 

Muellerina 






eucalyptoides 

Ogyris olane 


+ 


visitor 


Jalmenus evagoras 

+, 0 

+ 

+, 0 

resident 

Acacia mearnsii, 






A. melanoxylon, 






A. pycnantha, 






A. dealbata 

Nacaduba biocellata 

+ 

+, 0 

+ 

resident 

Acacia implexa 

Theclinesthes serpentatus 

+ 



resident 

Amaranthaceae 

Larnpides boeticus 

+ 

+ 

-1- 

resident 

Fabaceae 

Zizina otis 

+ 

+ 

+ 

resident 

Fabaceae 


(2008) reported the successful salvage of the 
endangered Purple Copper Paralucia spinifera 
in the central tablelands of southern New South 
Wales in which 1260 larvae were removed from 
their food plants from a site (about to be devel- 
oped for road realignment) and transferred to 
an adjacent area. Other initiatives to augment 
and enhance breeding habitats within urban 
reserves or establish new habitats (see New and 
Sands 2002 for review) have relied on natural 
dispersal of the relevant butterfly species to 


colonise new sites. For example, conservation 
management of Hesperilla flavescens in Vic- 
toria over the last decade has involved several 
approaches aimed primarily at increasing the 
extent of its larval food plant, the Chaffy Saw- 
Sedge Gahnia filum , through a revegetation 
program, including propagation and planting 
from seed, natural recruitment through aided 
seed dispersal, mosaic burning to stimulate re- 
generation, and translocation of individual tus- 
socks to create new habitat (Savage 2002 in Relf 
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and New 2009). A preliminary census under- 
taken at a site at Point Cook near Melbourne 
in the 2006-2007 flight season demonstrated 
that areas comprising new habitat at which G. 
filum had been transplanted 7-10 years earlier 
were occupied by the early stages of H. flaves- 
cens , indicating that the new habitat had been 
successfully colonised (Relf and New 2009). 
Belvedere et al. (1998) reported attempts with 
the Sword-grass Brown Tisiphone abeona in 
The Basin-Boronia area, a fragmented subur- 
ban landscape east of Melbourne, in which the 
breeding habitat of the butterfly was restored 
or enriched by propagating stands of the larval 
food plant, Red-fruit Saw-sedge Gahnia sieberi- 
ana , in six reserves between two bushland sites 
known to support populations of Tisiphone 
abeona (Belvedere et al. 1998). It is envisaged 
that the new habitats will eventually be colo- 
nised by the butterfly through natural dispersal 
of gravid females. 

The success of the introduction of Trapezites 
symmomus suggests that other local, sedentary 
and ecologically specialised butterflies could 
potentially be translocated to the La Trobe 
Wildlife Sanctuary and adjacent nature con- 
servation reserves following habitat restoration 
and enrichment. For example, populations of 
the Varied Sedge-skipper Hesperilla donnysa 
(with larvae specialising on Gahnia radula) and 
Varied Dusky-blue Candalides hyacinthinus 
(with larvae specialising on Downy Dodder- 
laurel Cassytha pubescens and Coarse Dodder- 
laurel C. melantha) occur nearby in the Plenty 
River gorge, but are currently not established at 
La Trobe University, and attempts are currently 
underway to establish or augment their larval 
food plants and ecological requirements (G. 
Paras pers. comm. 2011). 

Moreover, the Trapezites symmomus experi- 
ment suggests that other more threatened spe- 
cies in the Melbourne area could potentially be 
established in conservation reserves through 
such ambitious translocation programs. No- 
table amongst these is the threatened Hesper- 
illa flavescens , the core population of which 
is restricted to small remnant habitat patches 
comprising coastal sedgelands dominated by 
Gahnia filum between Altona and Point Cook 


south-west of Melbourne (New and Sands 
2002; New et al 2007; Relf and New 2009). 
This vulnerable species is now extinct near Ad- 
elaide, and the remaining sites near Melbourne 
are threatened by urbanisation, particularly 
the loss and degradation of its breeding habi- 
tat through drainage of swamps and weed in- 
vasion, as well as a variety of human pressures 
(Relf and New 2009). The extant sites are also 
fragmented and isolated from each other. As 
noted above, attempts are already underway to 
expand the breeding habitat at these sites, but 
there is no reason why a new population of the 
butterfly could not be founded at a new unoc- 
cupied site, if indeed suitable areas still exist for 
such a translocation program. 
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A seagrass shading experiment 
to determine the effects of a dredge plume 
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Abstract 

The environmental effect on seagrass of sediment plumes from dredging is often questioned in Environmental 
Impact Statements. Seagrass in southern Port Phillip Bay, Victoria, Australia, was shaded in winter and spring 
to the same level as the worst scenario of shading by an expected dredge plume. After 90 days of shading, 
Heterozostera nigricaulis shoot numbers reduced by 61%. After 134 days of shading, the shoot density reduced 
by 84%. Some of the shades were removed after 71 days of shading, but shoot density continued to decline for a 
further 40 days in these plots, and no recovery was observed throughout this time. In these plots, where shades 
had been removed, shoot densities then stabilised and no further loss was reported at day 134. A minimum 
light requirement of 12.5%-25.6% appears to be suitable for sustaining H. nigricaulis beds. ( The Victorian Natural- 
ist 129 (3), 2012, 97-108) 


Keywords: Heterozostera nigricaulis , shading, dredging, shoot density, light requirement 


Introduction 

One of the major impacts of dredging is an in- 
crease in turbidity and suspended sediments in 
the water column and the subsequent decrease 
in light availability to benthic plants. This re- 
search describes site and seagrass specific shad- 
ing experiments to determine the potential ef- 
fect of a dredge plume. 

Much research has been carried out on the 
susceptibility of seagrasses to shading (Bulthuis 
and Woelkerling 1983; Goldsborough and Kemp 
1988; Peralta et al. 2002; Gacia et al. 2005). Little 
of this research has been applied to understand- 
ing the effects of reduced light conditions on 
seagrass under a dredge plume. In an excellent 
review of the environmental impacts of dredg- 
ing on seagrasses, Erftemeijer and Lewis (2006) 
looked at 45 case studies globally, accounting 
for the loss of about 21 000 ha of seagrass. They 
recommend site specific evaluations of the ef- 
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fects of dredging plumes. Recently, Mackey et al. 
(2007) studied many parameters of Amphibolis 
griffithii biology under shade conditions, in ar- 
eas adjacent to harbour dredging programs in 
their region. Although a wide range of morpho- 
logical and physiological variables responded to 
reduced light availability, the majority of vari- 
ables showed substantial recovery after 42 days. 
This was one of the first experiments in the peer 
reviewed literature to match site specific dredg- 
ing activities with response by seagrass to those 
activities. Previous work usually appeared in en- 
vironmental effects and impact statements and 
internal government or corporate reports. Pre- 
viously accepted methods used in research on 
seagrass, with the modelled reduction in light 
caused by a dredging plume are brought togeth- 
er and the way that site-specific evaluations can 
be made is shown. 
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Unlike Mackey et al. (2007), this study tested 
only changes in shoot density of seagrass, be- 
cause this is the most likely and most reliably 
consistent parameter to be affected by shading. 
Funding was not available for measuring many 
morphological and physiological variables. This 
study demonstrated a method of determining 
shading effects on seagrass in the most efficient 
way. Recently, Bite et al (2007) measured the 
photosynthetic efficiency of Zostera capricorni 
and Halophila ovalis using Pulse Amplitude 
Modulated fluorometry in short-term shading. 
They found that photosynthetic efficiencies and 
effective yields increased significantly in both 
species for shaded plants. Both species showed 
a strong degree of photo-adaptation to shading 
that may allow them to tolerate and adapt to 
short-term shading. 

The seagrass species examined during the present 
study was Heterozostera nigricaulis J. Kuo, family 
Zosteraceae, a narrow-leafed plant that inhabits 
subtidal, sheltered and moderately exposed sandy 
bottom environments in Port Phillip Bay (Bulthuis 
1983). Prior to 2005, Heterozostera nigricaulis was 
named Heterozostera tasmanica but Kuo (2005) 
distinguished between these species, and identi- 
fied the Heterozostera growing in Port Phillip Bay 
as nigricaulis. 

The variability of seagrass morphological 
measurements is large and often prevents sta- 
tistically-sound statements being made about 
measurable changes in less than five years. Pro- 
ductivity measurements, i.e. of growth using 
hole punching (Short and Duarte 2001), were 
initially identified as an appropriate tool for 
determining seagrass health during this shad- 
ing study. However, during the initial stages of 
fieldwork, it was evident that these measure- 
ments could not be undertaken in an accurate 
or time efficient manner. Shoot density has been 
demonstrated to be a useful tool to assess sea- 
grass population status and it has been exten- 
sively used over the last decade (for a review see 
Marba et al. 2005). 

This study documents an experiment that 
aided in determining how Heterozostera nigri- 
caulis responds to the low levels of light expect- 
ed to be caused by dredging in southern Port 
Phillip Bay, Victoria, Australia. The objective 
of the experiment was to determine the impact 
of reduced light on H. nigricaulis by shading 


for specific time periods. The degree of shad- 
ing was equivalent to the expected reduction in 
light from a dredging plume. The recovery of H. 
nigricaulis upon return to natural light intensi- 
ties was also examined for a short period. The 
compensation depth of this species was used to 
estimate the minimum amount of light the spe- 
cies requires for survival. 

This study was undertaken during the winter 
and spring months, and provides information 
on seagrass response to reduced light intensi- 
ties only during those seasons. Some discus- 
sion has been provided in the text regarding 
previous seagrass shading studies undertaken 
in summer. 

Methods 
Site Selection 

Sites were selected in consultation with the 
dredging proponent, prior to undertaking the 
shading study, which considered the following: 

• Plume modelling data to determine the key 
sites where the dredge plumes will reduce 
light available for the seagrass H. nigricaulis ; 

• Sites where data have been previously 
collected. There was a considerable amount 
of useful data available from previous studies 
in Western Port Bay (Bulthius 1983; Bulthius 
and Woerlkerling 1983); 

• Whether the seagrass meadows were 
permanent or ephemeral, as the monitored 
communities needed to be present for the 
duration of the environmental monitoring 
program. This was determined from previous 
knowledge; 

• Shading experiments were not undertaken 
within marine protected areas; 

• Sites were checked for accessibility and 
logistical constraints, because of the need 
to work in readily accessible areas and in 
low wave energy environments suitable for 
conducting shading experiments, and 

• Information on the physical characteristics 
of each potential study site was sought from 
initial site inspections. 

A single location was selected for the shading 
experiment, approximately 2 km east north-east 
of Sorrento (Fig. 1). There are numerous places 
in Port Phillip Bay where H. nigricaulis grows 
(Blake and Ball 2001); however, most of these are 
either sparsely vegetated, or grow within marine 
protected areas. The location selected needed to 
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Fig. 1. Port Phillip Bay. The shading experiment was 
at Sorrento and proposed dredging in South Channel 
and at Queenscliff. 


be at the representative depth of 4-5 m and only 
a few places exist which contain continuous beds 
at this depth. This nominal depth was chosen 
considering that H. nigricaulis commonly occurs 
in southern Port Phillip Bay between 2 m and 6 
m depth (Blake and Ball 2001). 

Light measurements and justification 
To predict the amount of incident light likely 
to occur under the dredge plumes and establish 
the light intensities for future shading experi- 
ments the following data were reviewed: 

• The initial model was based on turbidity 
modelling data obtained from continuous 
dredging in the South Channel for three 
months (March-May 2005) (Cardno, Lawson 
and Treloar 2006). The turbidity modelling 
was used to establish the likely total suspended 
solid (TSS) concentrations over relevant areas 


of seagrass, from which the expected light 
attenuation and benthic light levels were then 
estimated using the following relationship: TSS 
vs light attenuation coefficient derived from a 
laboratory based experiment undertaken by 
Longmore et al. (2004). 

• Incidental TSS measurements taken inside 
the dredge plumes during the trial dredging 
program; and 

• The PAR (photosynthetic active radiation) data 
from the fixed benthic light meter sites during 
the trial, i.e. Mud Island, Camerons Bight etc. 
Light intensity was measured at Sites 4 and 

6 of the six replicate sites (Fig. 2), to record 
incident light intensities at the sea-bed under 
the shades and without shade. Light attenua- 
tion coefficients were calculated for the location 
by comparing sea-bed and mid-water read- 
ings. Light was measured using 2% Odyssey® 
Photosynthetic Irradiance Loggers (with built 
in sensors), programmed to take light readings 
at 10 minute intervals. These loggers measure 
down welling-light and will not detect light 
coming in from the side of the shades. 

The light loggers measured light in PAR 
expressed in pmole/m 2 /s and were calibrated 
against the Primary Industries Research 
Victoria (PIRVic) Licor® meters. The sensors 
on the loggers were cleaned every 10-14 
days at the same time as the light data were 
downloaded. 

The loggers were secured by star pickets to the 
sediment, with the sensor protruding just above 
the top of the picket, and run continuously 
for two weeks, at which time the data were 
downloaded and the logger redeployed. One 
logger was placed under the shade in the mid- 
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Fig. 2. Shade screens over seagrass. 
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die of the plot, one mid-water 1.3 m above the 
seabed and one on the seabed (0.3 m above the 
bottom). 

The data from the turbidity modelling and 
trial dredge program were used to predict the 
average light reduction likely to occur in the 
vicinity of seagrass beds. The equation used for 
estimating light attenuation was based on the 
Bougert-Beer Law: 

AC = In (I Z i/I Z2 )/Z Equation 1 

where AC is the light attenuation coefficient 
(nr 1 ), Izi is the light at depth 1 (seabed), I Z2 is 
the light at depth 2 (mid-water) and Z is the dif- 
ference between depths 1 and 2. 

The modelled TSS concentrations at selected 
seagrass sites, during 1 1 weeks of dredging in 
South Channel East, rarely exceeded 5 mg/L 
(Cardno, Lawson and Treloar 2006). Since this 
concentration is expected for less than approxi- 
mately 10% of the time, a more realistic con- 
centration likely to be regularly encountered 
during dredging is 3 mg/L. This concentration 
of material suspended by dredging would be in 
addition to ambient (background) TSS concen- 
trations of approximately 2 mg/L (Longmore et 
al 2004). 

The relationship between TSS and light atten- 
uation (Longmore et al , 2004), was then com- 
pared to approximate benthic light levels likely 
during dredging. This laboratory-based study 
derived relationships for one sediment sample 
from the South Channel that found that, for a 
given plume TSS concentration, the resultant 
amount of light attenuation due to the plume 
alone, i.e. excluding background, was: 

AC=0. 1 1 5 x TSS (r 2 =0.89) Equation 2 

where AC is the light attenuation coefficient 
due to the plume from South Channel (nr 1 ) 
and TSS is the total suspended solid concentra- 
tion in the plume (mg/L); r 2 is the coefficient of 
determination. Therefore, for a plume TSS of 3 
mg/L, the plume related light attenuation coef- 
ficient would be 0.345 m 1 If background light 
attenuation is around 0.2 nr 1 in the south of the 
Bay (Longmore et al . , 1996), then, using Equa- 
tion 1 , the resultant light intensity at a nominal 
depth of 4 m is approximately 10% of surface 
irradiance. The incident light intensity pro- 


posed for experimentation purposes, i.e. light 
intensity under the shades at 4 m, was at 6% of 
surface irradiance. The minimum light limit re- 
ported for H. nigricaulis was 5% of sub-surface 
light (Bulthuis 1983). 

Under natural conditions, with a background 
light attenuation coefficient of 0.2 nr 1 , the in- 
cident light intensity on the seabed at 4-5 m 
depth is between 33% and 41% of surface irra- 
diance. Therefore, a shade cloth with 70% shad- 
ing intensity was chosen for use in the shading 
study, as this resulted in a theoretical incident 
light intensity of between 9% and 12% surface 
irradiance under the shades. This was similar 
to the average level of light reduction expected 
under the dredge plumes in the vicinity of the 
seagrass meadows. 

Irradiance on the seabed (I Z i) was used along 
with the irradiance mid water (I Z2 ) to calculate 
the light attenuation coefficient (AC) using the 
Bougert-Beer Law (Equation 1). The irradi- 
ance just below the surface (I 0 ) was then cal- 
culated (Equation 3). The surface irradiance 
was calculated for average light measurements 
between 1200 h and 1300 h for the duration of 
the study. 

Io=I Z i x e ACxd Equation 3 

The percentage surface irradiance on the seabed 
was calculated using Equation 4; the percentage 
of surface irradiance under the shades was cal- 
culated using Equation 5 and the percentage of 
light under the shade as compared to the sea- 
bed was determined using Equation 6. 

% Surface irradiance on seabed = I zl /I 0 x 100 

Equation 4 

% Surface irradiance under shade = I shade /Io x 100 

Equation 5 

% Light under shade compared to seabed = 
I shade/ Li x 100 Equation 6 

Experimental Design 

The methods of Bulthuis (1984), Kirkman 
(1989), and Longstaff and Dennison (1999) 
were adopted for designing the work. Shade 
screens were put in a dense and continuous 
seagrass meadow at an average depth of 4 m. 
Shoot density at this site was between 300-800 
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shoots nr 2 . Shades were steel frames each of 
2 m x 2 m and 60 cm high, on which were 
connected shade cloth screens (Bulthuis 1984), 
using plastic shade cloth clips and cable ties. 
The frame was held in place by star pickets. 
The sides of the shades were approximately 200 
mm above the sea-bed (Fig. 3). Non-shaded 
control treatments using steel frames (of the 
same dimensions) were also established at each 
of the sites (Fig. 2). Our shades were smaller 
than those of Mackey et al. (2007), but had 
skirts around them to reduce lateral intrusion 
of light. 

Although LongstafF and Dennison (1999) 
recorded minimal exchange of rhizomes 
between transplanted and non-transplanted 
seagrass from biomass sampling under shades, 
the rhizome mat was cut to an approximate 
depth of 10 cm around the boundary of each 
shade and the controls to prevent translocation 
of material between non-shaded seagrass bed 
and shaded sites. The effects of rhizome cutting 
could have been investigated by also including 
controls with rhizomes that were not cut. 
Flowever, these controls were not established 
because of logistical constraints associated with 
the need to effectively sample all of the sites 
in a single day and because of the findings of 
Fitzpatrick and Kirkman (1995) and LongstafF 
and Dennison (1999). 


Treatments 

As depicted in Fig. 2, there was a treatment 
where the seagrass was shaded for the entire 
duration of the experiment (shaded treatment); 
and a treatment where seagrass was shaded 
until seagrass health had visually diminished, 
at which point, the shades were removed 
(recovery treatment). 

Eighteen replicates were used for each 
treatment for the shoot density counts, to 
reduce the level of variation within each 
treatment. Experience with random or haphaz- 
ardly thrown quadrats showed that 18, 0.0625 
m 2 quadrats, in H. nigricaulis was a reasonable 
number and size to reduce the coefficient of 
variation to a minimum. To further reduce var- 
iation, fixed quadrats were used (Austin, 1981). 
Due to time constraints, a power analysis was 
not undertaken to determine the appropriate 
level of replication and quadrat size. 

The shading experiment consisted of a total 
of six replicate sites at one location (see Fig. 2). 
Shade screens for each experimental treatment 
(shaded and recovery), plus a control treatment, 
were deployed at each of the six sites. 

Placing clear plastic shades at the control sites, 
in accordance with the methods described in 
Kirkman (1989) was considered. Previously, 
clear plastic shades have been used during 
shading studies to mimic the shade cloth, by 



0.0625m 1 fixed quadrat 
within each slie 


Fig. 3. Experimental 
design for the Hetero- 
zostera nigricaulis shad- 
ing experiment. 
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reducing the amount of water flow over the 
seagrass present under the shades. Clear plastic 
shades were not deployed, however, as they 
would have had significant fouling, making 
them unsuitable as controls and failure to 
account for shade cloth effects, other than light 
reduction, was considered to be less significant 
than the confounding effects of using plastic 
shade cloth. Kirkman (1989) also reported 
that there was no difference in productivity 
of Ecklonia radiata (a kelp) under clear plastic 
controls, compared to the unshaded controls, 
which suggests that there is no impact from the 
shades themselves, in relation to limiting water 
flow and reducing the settlement of suspended 
particulates on benthic plants. Mackey et al. 
(2007) also faced this problem, but eventually 
did not use procedural controls. 

Counts and visual observations 

Shoot density is the least variable of all seagrass 
response variables and is a key parameter 
included in any monitoring program (Duarte 
and Kirkman 2001). It is also one of the most 
reliable parameters (Collier et al 2007). No 
biomass sampling via coring was undertaken 
because of its destructive nature and was also 
not considered suitable because fixed quadrats 
were used to monitor changes in shoot density 
(a much more reliable parameter). Fixed 
quadrats in terrestrial plants have been used 
successfully to reduce variability (Austin 1981) 
and their use is argued by Hartnoll (1998) in 
marine ecosystems. Marba et al. (2005) used 
shoot density in fixed quadrats as a means 
of measuring seagrass population dynamics 
very successfully in the Mediterranean. Fixed 
quadrats remove the problem of environmental 
heterogeneity and permit the detection of 
relatively small changes. There are problems 
with the representativeness of the quadrats 
and changes within them may be artefacts of 
biological processes rather than community 
changes. There are also constraints on the 
statistical analysis of time series based on fixed 
quadrats. 

More subtle responses such as changes to 
seagrass physiology were considered, including 
the measurement of in situ photosynthesis 
via Pulse Amplitude Modulated (PAM) 
Fluoremetry. This technique, however, 
previously has not been applied to monitoring 
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for seagrass meadow-wide health, or for 
detecting changes during dredging and, so, 
was discounted (Dr Peter Ralph, University 
of Technology, North Sydney pers. comm. 
2006). The use of physiological or biochemical 
monitoring tools during a dredging program 
also has limitations, i.e. practicality of sampling 
and time to analyse results. The focus was to 
document the integrated response of the sea- 
grass using an easily quantifiable and rapid as- 
sessment technique, i.e. shoot density. 

Shoots were defined as black, lignified stems 
with green shoots attached or small, usually 
single, leaves that grew directly from under- 
ground rhizomes (Kuo 2005). When the term 
‘new shoots’ is used it refers to these single green 
leaves which grew from the sandy substratum. 

Heterozostera nigricaulis shoots were counted 
within the shaded, recovery (following shade 
removal) and control treatments using 25 
cm x 25 cm fixed (0.0625 m 2 ) steel quadrats. 
Three quadrats were placed under each shade 
screen. The total number of shoots (primary 
and secondary shoots were considered a 
single shoot in the counts) present within the 
0.0625 m 2 quadrat area was recorded, with the 
exception of dead shoots. Dead shoots were 
those that had no leaves or a few dead leaves. 
Qualitative observations were also made 
throughout the experimental period, which 
included documenting any morphological 
changes in seagrass health, such as changes in 
leaf width, changes in shoot, leaf and rhizome 
colour and presence/absence of epiphytes. 

Timing and Frequency of Sampling 

The experiment began during the week 
commencing 5 June 2006 and ran for four months, 
from June to October 2006. Shading experiments 
were undertaken on H. nigricaulis at approximately 
the same time of year as dredging is proposed, i.e. 
primarily winter and spring. Shoot density was 
reported at between 14 and 24 day intervals within 
the shaded and control treatments over the experi- 
mental period on days 0, 19, 35, 49, 61, 78, 95, 1 10 
and 134 and in the recovery treatment on days 0, 
35, 61, 78, 95, 110 and 134. Shades were removed 
from the ‘recovery sites’ on day 71. 

Statistical design and analysis 

For analysing the percentage change in shoot 

density, compared to Day 0, a value of 100 was 
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added to the percentage change reported in each 
quadrat, to ensure that all of the values reported 
a positive number for the statistical analysis. 
Average shoot density for the three quadrats 
present under each shade screen was calculated 
for undertaking the statistical analysis. 

For the purpose of the data analysis, the 
recovery treatment was excluded, to avoid an 
unbalanced dataset, i.e. eight sampling events 
in the shaded treatment and six sampling 
events in the recovery treatment and, therefore, 
the shaded treatment was directly compared 
with the control treatment. Compositing of 
the two datasets, i.e. shaded and recovery, also 
would have meant that the main effects and 
interactions on Days 18 and 52, where no data 
were collected for the recovery treatment, could 
not have been fully examined. 


Results 

Percentage change in shoot density 

The percentage change in shoot density in the 
shaded treatments, compared to the control 
treatment over the four month experiment 
from June to October 2006, is illustrated in Fig. 
4a. A gradual decline in the number of shoots 
was evident after approximately two months 
of shading. A significant decline of 61% in the 
number of shoots was detected in the shaded 
treatments after three months, at Day 95. 

Percentage change in seagrass shoot density in 
the controls was near zero during winter then 
increased during spring from Day 78. Seagrass 
shoot density under the shade cloths continued 
to decline until the last sampling event (Day 
134), where there was an 84% reduction in the 
number of shoots reported after almost four and 
a half months of shading, this was significantly 
different from the controls (p=0.002). 


Fig. 4a. Percentage change 
in shoot density for control 
and shaded Heterozostera 
nigricaulis. Vertical lines are 
one standard error about the 
mean. 


0 20 40 60 100 120 140 

Day 




Fig. 4b. Percentage 
change in shoot den- 
sity for control and 
recovery treatments 
for Heterozostera nig- 
ricaulis. Vertical lines 
are one standard er- 
ror about the mean. 
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Shoot density did not significantly change in 
the recovery treatment, compared to the con- 
trols during the two month shading period 
(p>0.05). Shades were removed from the recov- 
ery sites, however, because a number of the sites 
were showing a considerable decline in seagrass 
health based on qualitative observations (see 
Observed Changes below). Following the re- 
moval of the shades in the recovery treatment 
(Fig. 4b), on Day 71 of the experiment, seagrass 
shoot densities continued to decline signifi- 
cantly until Day 110, compared to the controls. 
Shoot density had reduced to more than half (60 
± 7%) since the beginning of the experiment, 
whereas shoot density in the controls increased 
54% (p=0.012). The significant reduction in 
shoot density in the recovery treatment, com- 
pared to controls was partly due to seagrass in 
the controls responding to a change of season, 
from winter to spring, whereby new shoots were 
produced. This significant difference, however, 
was also partly due to shoot densities in the 
recovery treatment reducing by a further 40% 
since the shades were removed, which suggested 
a lag effect in seagrass response to the removal 
of shading. The continued decline in shoot den- 
sity up to Day 110 may have been due to the in- 
ability of plants to recover before that because 
of a lack of stored material (Fig. 4b). No recov- 
ery was observed, but two months after shade 
removal, at Day 134, shoot densities appeared 
to stabilise (59 ± 9%), where no further loss in 
shoot density was reported (Fig. 4b). This sug- 
gests that seagrass in the present study may take 
many months to fully recover from shading. 

New shoots were first documented in the con- 
trol treatment on Day 95, at the beginning of 
spring, whereas very little new shoot growth was 
reported in the recovery treatment. Fewer new 
shoots were reported within the shaded treat- 
ment than in the controls. There was also new 
shoot growth throughout the control treatment 
on Day 110, but only a few shoots were reported 
in the recovery treatment. Two months after 
shade removal, however, on Day 134, large num- 
bers of new shoots at all six sites were reported 
in the recovery treatment resulting in no net loss 
of shoots, compared to Day 1 10 (Fig. 5). 

The changes reported in shoot density were 
quite variable over time, both within sites and 
between sites (Fig. 5). This was particularly 


evident from the large standard error bars de- 
picting variability between the quadrats, within 
sites. There was a high degree of variability in 
seagrass response observed between the sites. 
Note that, with random or haphazardly thrown 
quadrats, the variance would have been much 
greater. In one instance, within the shaded sites, 
the seagrass densities increased, i.e. Site 4 shad- 
ed treatment, whereas at all of the other shaded 
sites, seagrass densities decreased. Similarly, in 
some instances seagrass densities in the con- 
trols decreased, e.g. Site 5, whereas shoot den- 
sity at other control sites increased, e.g. Site 2 
and Site 3, after day 78 (see Fig. 5). Despite the 
level of natural variability, there was sufficient 
replication within the treatments (n = 6) to ob- 
serve significant differences in shoot densities 
between the shaded sites and the controls. 

Observed changes 

Leaves in the shaded treatment became paler 
after one month of shading, but had relatively 
similar phenotypic characteristics compared 
to the controls. The main difference detected 
after shading was the reduced overall epiphyte 
cover. 

After two months of shading, no obvious 
morphological changes were apparent in shad- 
ed seagrass, except that the leaves were now 
clean of epiphytes. The shoots and leaves still 
appeared to contain chlorophyll pigment. 

After almost three months of shading, by Day 
83, dead, blackish-brown seagrass leaves were 
apparent. Average leaf width was also measur- 
ably lower in the shaded treatment compared to 
the control treatment from Day 61 until the end 
of the experiment (Table 1). 

Adventitious roots (Cambridge et al. 1983) 
were reported in the recovery treatment two 
months after shade removal. Some flowering 
also was reported in the recovery treatment at 
this time; however, there was considerably less 
flowering compared to controls. 

Incident light intensity 

Light intensities measured at Sites 4 and 6 in 
the H. nigricaulis experiment are presented in 
Table 2. Light attenuation coefficients (AC) 
were calculated at each site and the amount of 
light available to the plants under the shades 
was determined. The average light intensity 
measured from beneath the shades at Sites 4 
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and 6 was considerably lower than expected, 
with PAR concentrations reported between 5 
and 15 pmol/m 2 /s. The 70% shade cloth was 
intended to reduce light intensity to between 
9% and 12% of sub-surface irradiance under 
the shades, at 4-5 m depth. As indicated in 
Table 2, however, light intensities beneath the 
shades were between 1% and 3% of sub-surface 
irradiance. The variability in light intensity 


Mean Percentage Change in Shoot Density - Site 1 



Days 


Mean Percentage Change in Shoot Density - Site 3 



Days 


Mean Percentage Change In Shoot Density - Site 6 



Days 


under the shades between June and September 
may be attributed, in part, to seasonal and 
diurnal variations in the amounts of sub- 
surface light available. 

The reduction in sub-surface irradiance 
compared to predicted levels was due to large 
amounts of silt and particulate material settling 
on the shades between cleaning events. Natural 
incident light intensity reported on the seabed 


Mean Percentage Change in Shoot Density - Site 2 



Days 


Mean Percentage Change in Shoot Density - Site 4 



Days 


Mean Percentage Change in Shoot Density - Site 6 



Days 


Fig. 5. Percentage change in shoot density at individual sites. Vertical bars are one standard error about the mean. 
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(U, mid-water (I z2 ) and sub-surface (I 0 ) all in- 
creased over the experiment, probably largely 
due to increasing light from winter to early 
spring. The amount of sub-surface irradiance 
reaching the seabed varied between 68% in 
June and 34% in September. The higher amount 
of sub-surface light reported on the seabed in 
June compared with July was due to low light 
attenuation and good water clarity during 
early winter. AC reported from June 2006 to 
September 2006 varied from 0.10 to 0.27 nr 1 . 

The AC values determined may have been 
affected somewhat by the small distance, i.e. 1 
m, between the light loggers, which were placed 
mid-water and on the seabed. A longer path 
length, i.e. >1 m, would have been preferable, 
but the elevated logger could not be placed any 
higher than 1 m due to the shallow nature of 
the sites; any higher and the light probes would 
have presented a hazard to boating. 

Discussion 

Heterozostera nigricaulis shoot density under 
shading significantly decreased over time. Af- 
ter three months of shading, shoot numbers 


reduced by 61%. Shading of the same species in 
Western Port in winter caused a similar decline 
in shoot density after two and a half months 
(Bulthuis 1983). Bulthuis (1983) reported that 
seagrass took longer to reduce in density in 
winter, compared to the summer months. In 
contrast with a spring and summer shading 
study undertaken on H. nigricaulis in Corio 
Bay (Fig. 1), where a 100% loss of shoots was re- 
ported after three months of shading with 70% 
reduced incident light (Bulthuis 1984), the cur- 
rent experiment was carried out in winter and 
early spring. All shoots were not lost, although 
four and a half months of shading did reduce 
shoot density by 84%. The difference between 
the rapid loss of shoots in the Bulthius (1984) 
experiment and the slower reduction in density 
in this one is that his plants may have showed a 
greater tolerance to reduced light intensities at 
4 m depth compared with 2 m, and the differ- 
ence in season. 

The changes in shoot density were variable 
over time, both within sites and between sites. 
There was also a high degree of variability in 
observed seagrass response to shading between 


Table 1 . Leaf width changes under shade and at control. 


Date 

Day No. 

Treatment 

Leaf width 
(mm) 

SE 

Number 
of leaves 

5 Aug 2006 

61 

shade 

1.6 

±0.2 

52 


61 

control 

2.0 

±0.2 

52 

8 Sept 2006 

95 

shade 

1.6 

±0.1 

57 


95 

control 

2.1 

±0.3 

53 

17 Oct 2006 

134 

shade 

1.6 

±0.2 

43 


134 

control 

1.8 

±0.2 

52 


Table 2. Average light intensity taken at Sites 4 and 6, between 1200 h and 1300 h for the months of June 
through September 2006. 

Heterozostera nigricaulis Sites 4 and 6 

Average Light from 1200- 

-1300 h (|imol/m 2 /s) 

Month 

June 

July 

August 

Sept 

Light Under Shades (I S hade) 

7.4 

4.6 

15 

5.7 

Light Intensity at the Seabed (I z i) 

168 

162 

264 

288 

Light Mid Water ((I z2 ) 

185 

203 

330 

342 

Light attenuation coefficient (AC) 

0.10 

0.21 

0.22 

0.27 

Light Sub-Surface (I 0 ) 

248 

379 

629 

854 

% of Sub-Surface Irradiance on Seabed 

68 

43 

42 

34 

% of Sub-Surface Irradiance under Shade 

3.0 

1.2 

2.3 

0.7 

% of Light under shade compared to Seabed 

4.4 

2.8 

5.5 

2.0 
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quadrats. This may be attributed to natural 
variation, as demonstrated in the control sites, 
or possibly resulting from differences in light 
climate under the shades, due to the degree of 
fouling between cleaning events, or edge effects 
from some quadrats being closer to the shade 
edges than others. 

A study into the health of the seagrass Posi- 
donia australis in Jervis Bay, New South Wales, 
reported a rapid decline in shoot density when 
plants were shaded below their minimum light 
requirements for three months (Fitzpatrick and 
Kirkman 1995). Shoot densities decreased or 
remained low following removal of the shades 
and shoot numbers remained low 11 months 
after shade removal. 

The recovery of seagrass will depend on the 
individual plants carbohydrate reserves. It de- 
pends on these reserves to maintain normal 
functioning (Fitzpatrick and Kirkman 1995). 
If these reserves have been depleted to levels 
which prevent normal physiological function, 
the plants can die. Further data will need to be 
collected to determine whether seagrass in the 
recovery treatment will recover back to densi- 
ties observed prior to shading. 

Considering the findings of the shading 
study, however, and the historic data available 
on compensation depth (Bulthuis 1983), a 
minimum light requirement for H. nigricaulis 
of between 5%— 13% appears to be suitable for 
sustaining H. nigricaulis beds in southern Port 
Phillip Bay. These minimum light requirements 
for H. nigricaulis were considerably higher 
than the incident light levels reported under 
the shades during the present study, which 
ranged from 1-3% of subsurface irradiance, 
much lower than planned, because of fouling of 
shade cloth. A minimum light requirement was 
not established for H. nigricaulis as part of the 
present study. 

The AC values for July and August were 
comparable to the background AC for the 
southern Bay of 0.2 m 1 (Longmore et al. 2004); 
however, the light attenuation coefficient re- 
corded for the month of June was low. This light 
attenuation coefficient of 0.1 m 1 is reflective of 
levels reported in Spencer Gulf, South Austral- 
ia, of 0.08 m 1 where water clarity is high and 
H. nigricaulis has been reported in 39 m depth 
(Shepherd and Robertson 1989). 


Observed changes, such as production of ad- 
ventitious roots, flowering and leaf width differ- 
ences, may be used in the future as part of an en- 
vironmental monitoring program to assist with 
an assessment of seagrass health. We consider 
that the methods used here are suitable for deter- 
mining the effects of a dredging plume and the 
time that the plume can exist before irreparable 
damage to seagrass occurs. As Erftemeijer and 
Lewis (2006) point out, site-specific experiments 
must be carried out and species of seagrass con- 
sidered when making predictions about dredg- 
ing in environmental effects statements. 
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The Golden sun moth, Synemon plana Walker (Castniidae): 
continuing conservation ambiguity in Victoria 

TR New 


Department of Zoology, La Trobe University, Victoria 3086 (Email: t.new@latrobe.edu.au) 

Abstract 

Recent discoveries of Golden Sun moth populations resulting from improved sampling techniques have con- 
siderably increased the number of populations known on threatened native grassland sites, and accentuated 
the controversy between pressures for development to cater for urban expansion and for conservation, and the 
compromises that might be achieved. Implications of this expanding knowledge and directions of recent policy 
documents are discussed. ( The Victorian Naturalist 129 (3), 2012, 109-113) 

Keywords: Golden Sun moth, Synemon plana , conservation, sampling technique, conservation status 


Introduction 

The locally endemic Golden Sun moth (GSM, 
Synemon plana Walker) has become a contro- 
versial flagship insect for conservation in south 
eastern Australia. Its major habitats, remnant 
patches of lowland native grasslands, have 
become highly desirable — particularly near 
cities— for development to accommodate the 
housing and support needs for rapidly expand- 
ing human populations. The projected expan- 
sion of Melbourne over the next few decades, 
for example, encompasses plans for massive 
urban expansion to the west, north and south- 
east of the present urban area. The high legal 
conservation status of GSM as a protected spe- 
cies provides obligations to prospective devel- 
opers, in assessing environmental impacts of 
their proposals, to survey for this moth and 
determine presence/absence and likely size of 
any populations discovered. 

Ambiguities over the real conservation status 
and needs of S. plana continue to be debated. 
It has notoriety through being one of few in- 
vertebrates listed nationally as critically endan- 
gered’ under the Commonwealth Environment 
Protection and Biodiversity Conservation Act 
1999 (from 2002), and is listed also under the 
regional acts covering its entire known range, 
namely the Flora and Fauna Guarantee Act 
1988 (Victoria, listed in 2003), the Threatened 
Species Conservation Act 1995 (New South 
Wales, listed in 1996), and the Nature Conser- 
vation Act 1980 (Australian Capital Territory, 
listed in 2006). It is one of a small portfolio of 
notable flagship taxa that characterise native 


grassland and are considered highly vulnerable 
to changes. 

Since these listings were approved, over a 
period when very few GSM populations were 
known, increased awareness of the moths unu- 
sual biology and restricted activity pattern has 
led to discovery of numerous additional popu- 
lations as surveys have intensified and become 
better informed, and the numbers of spurious 
absences’ resulting from earlier inefficient sur- 
vey methods have declined. Developers have 
expressed frustrations over the moth being 
discovered on many sites in which it seemed 
unlikely to occur, and over the delays and pro- 
hibitions that currently result. Thus ‘We’ve been 
frustrated by growling grass frogs, bandicoots, 
mouthless moths, and the golden sun moth 
in particular’ (Tony Domenico, Chief Execu- 
tive, Urban Development Institute of Australia, 
quoted in the Herald Sun newspaper, 29 No- 
vember 2011). Notwithstanding the high level 
of legislative acknowledgement, GSM popula- 
tions continue to be reported from many parts 
of its broad historical range (Brown et al. 2012), 
from consultants working from well-defined 
prescriptive sampling protocols and from ur- 
gency of such surveys stimulated by burgeon- 
ing pressures to develop the sites. Resulting 
problems of whether and how to protect GSM 
populations as they are discovered has massive 
financial implications in addition to the ideal- 
istic conservation ones. GSM has thus become 
‘the meat’ in a very complex sandwich between 
developers and conservationists. Many of the 
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concerns noted by New et al. (2007) have in- 
creased in complexity and urgency during the 
last few years. 

This note includes comments on some aspects 
of these continuing tensions and the searches 
for acceptable compromise. 

Biological background 

Despite substantial increase in knowledge of 
the distribution of S. plana, and of the number 
of populations discovered, much of its basic 
biology remains unclear. The short life span of 
adults, together with their very variable emer- 
gence pattern across sites during the flight 
season lasting up to several months, renders 
presence/absence far easier to determine than 
their abundance. However, it is not yet clear 
whether the life cycle takes one, two or even 
three years to complete, so that even an occu- 
pied site may not reveal adult moths every year. 
Despite protocols for surveying larvae (by ex- 
cavating around grasses and direct search) and 
pupal cases (protruding from the ground sur- 
face at adult emergence), these immature stages 
have not been described formally, and correct 
identification needs specialist confirmation. 
The adult is thus the most reliable stage for de- 
tection, with the caveats emphasised by Gibson 
and New (2007) now embedded, with various 
modifications, within sampling protocols is- 
sued to surveyors. 

The major outcome has been a more soundly 
documented assessment of area of occupancy, 
resulting in a range increase from about 10 km 2 
to >150 km 2 (Gilmore et al. 2008; Gilmore and 
Harvey 2010). However, most occupied sites 
are small, many of them less than 5 ha in ex- 
tent. Distribution is highly fragmented and, 
as female moths fly little, further patch losses 
may increase isolation through further reduc- 
ing connectivity. There is little doubt that the 
greatest threats to GSM are loss and increased 
isolation of habitat, with diminished patch size 
likely to increase local vulnerability. 

Victorian status assessments 

Particularly around Melbourne, but also to the 
west (Brown et al. 2012), survey intensity for 
GSM has increased to become one of the ma- 
jor aspects of grassland assessment. DSE (2010) 
instituted mandatory survey requirements for 


GSM in relation to Precinct Structure Plans and 
under the Strategic Impact Assessment Agree- 
ment between Victoria and the Common- 
wealth. Surveys must be undertaken as part of 
the environmental impact assessment of every 
grassland, and areas of non-native vegetation 
that constitute potential habitats for GSM, that 
are anticipated for development. Those require- 
ments include (1) a ‘desktop survey’ for any 
previous records; (2) site observations, and (3) 
targeted surveys for the moth by ‘qualified and 
experienced’ personnel, with these ‘to be done 
over an appropriate season, duration and inten- 
sity’. A substantial list of boundary conditions 
for surveys has been defined (DSE 2010: 19), 
but one merits particular comment here. This 
is that ‘Sites .... must be surveyed until either 
a population (defined as 5 or more moths) is 
detected or until four surveys, spaced at least 
one week apart, have been completed’, after 
which a population is assumed to be absent. 
The principle of repeated surveys is to com- 
pensate for vagaries in moth emergence times, 
with the proviso that, if moths are discovered, 
later surveys are abandoned. However, advice 
for later surveys (if they are needed) includes 
reducing transect width from 50 m (survey 1) 
to 25 m (survey 2) to 10 m (surveys 3, 4), so 
increasing sampling intensity over the same 
total areas. A further condition relates to veg- 
etation, and emphasises another current gap in 
understanding. If native vegetation mapping 
has confirmed that the entire site is non-native 
vegetation, a maximum of two surveys (rather 
than four) is needed before deeming GSM ab- 
sent. The declared alien noxious weed Chilean 
Needle Grass Nassella neesiana Trin & Rupr. is 
highly likely to be a larval food plant for GSM 
(Richter et al. 2009), and might prove to be an 
important food resource when native grasses 
are scarce, supporting populations of GSM on 
sites regarded as degraded. Indeed, very large 
GSM populations have been reported on Nas- 
sella- infested sites near Canberra (Richter et al. 
2009) and their occurrence on sites with much 
Nassella is common also in Victoria (Gilmore et 
al. 2008). At present, Nassella- dominated sites 
cannot be reliably excluded as harbours for S. 
plana , and might be important habitat patches 
in the landscape. It is important that this pos- 
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sible interaction be clarified as a component 
of finding the conservation balance between a 
generally undesirable weed and a highly desir- 
able moth. 

The needs for repeated surveys have proved 
contentious, with the wish of developers to re- 
duce survey intensity (and, so, costs and time 
delays) countered by calls from conservation- 
ists to assess presence/absence as reliably as 
possible, and counter the variations in adult 
emergence adequately. Reducing transect width 
can increase chances of detecting small or pre- 
viously overlooked populations; increasing sur- 
vey numbers and extent also increases chances 
of detecting them. DEWHA (2008) noted that 
‘Surveys should be designed to maximise the 
chance of detecting Golden Sun moth’. 

The low threshold of 5 individuals for a popu- 
lation initially seems sympathetic. However, 
numbers can vary enormously in the short 
term, and any such single snapshot may prove 
very misleading for the presence and actual size 
of any population present. With population size 
a determinant of whether an occupied site may 
be conserved or sacrificed, any such evalua- 
tion would be much more convincing if based 
on cumulative counts from a series of visits. 
The suggestion of forgoing later surveys once 
the moth is detected is simplistic in emphasis- 
ing presence, not population size, and cannot 
be a valid indicator of the latter. However, the 
primary survey aim to date has simply been to 
define whether a GSM population is present 
on a surveyed site, with considerable logistic 
constraint on the survey intensity possible. 
With the development time of GSM unknown, 
as noted above, even an absence for an entire 
season might not constitute true absence but 
simply a low abundance of one seasonal cohort, 
with a second or even third season needed be- 
fore absence is truly confirmed. The difficulties 
of optimal survey protocols for GSM are ap- 
preciated widely, and these will undoubtedly be 
modified further as needs and policy become 
better defined. 

Consequences 

Victorias approach to GSM conservation is 
given in some detail in a draft ‘Sub-regional 
Species Strategy’ (DSE 2011) that, although 
focused on areas within Melbourne’s expected 


2010 Urban Growth Boundary, is also couched 
in more general terms and contains a strong 
commitment that ‘eighty percent of the highest 
priority habitats for Golden Sun moth within 
the Victorian Volcanic Plains bioregion will 
be permanently protected and managed’ (DSE 
2011: 8). ‘Highest priority habitats’ are defined 
as places where ‘high contribution to species 
persistence’ and ‘confirmed habitat’ intersect. 
The latter refers to the threshold of five moths 
being recorded, and the former to areas of na- 
tive vegetation (defined as at least 25% of un- 
derstorey vegetation cover) within potentially 
well-connected GSM habitats where ‘connect- 
ed’ refers to breaks in habitat of less than 200 m, 
as an unproven measure reflecting the moth’s 
low dispersal ability. A detailed prescription to 
meet this target is provided and, if followed, ap- 
pears to provide soundly for GSM through pro- 
tection of key habitats. It was signed off by the 
Commonwealth Minister in April 2010. The 
principles of habitat offsets and optimal mitiga- 
tion methods have been discussed extensively 
in conjunction with these commitments and 
the site triage they engender. 

Criteria for retaining small habitat patches are 
clearly specified within the five components of 
the DSE (2011) plan (Table 1), but numbers 3 
and 4 are particularly innovative. Together, they 
provide for permanent protection of grassland 
reserves, to be acquired over 10 years outside 
the Urban Growth Boundary, and management 
of selected smaller reserve areas to ‘provide in- 
surance against risk of catastrophic events in 
the larger areas’, drawing on experiences that 
very small reserves can indeed sustain GSM 
populations. (Table 1) 

Habitat offsets 

The strategy of compensating for habitats sac- 
rificed or lost to human pressures by substi- 
tuting other areas has been advanced in many 
different conservation contexts, as a politically- 
appealing mitigation course of action. Broadly 
‘Environmental offsets’ are defined as ‘Actions 
taken outside a development site that com- 
pensate for the impacts of that development’. 
The several possible options include provid- 
ing replacement habitats (either discrete or 
abutting sacrificed patches) and enhancing 
remaining habitat to increase carrying capac- 
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ity, but the common aim is for no net loss and 
no increased vulnerability to result to the focal 
species. In the past, the practice has sometimes 
been rather casual, but formalisation of the 
approach with adequate monitoring of proce- 
dure and outcomes can appeal to developers as 
providing a cost-effective means of compliance 
with environmental demands that can expedite 
approval of applications for development, and 
be undertaken through clearly defined require- 
ments. Developers may also garner favourable 
publicity through demonstrating corporate so- 
cial responsibility. However, habitat offsets are 
not a quick fix’, as commonly presumed, sim- 
ply because habitat quality, including supply 
of critical resources for focal species, must be 
assessed for equivalence to the sacrificial site, 
and replacement sites should be in place — and 
their future security and continuing manage- 
ment assured — before loss of the original site. 
There have also been concerns over ‘progres- 
sive losses of sites by removal of small propor- 
tions at intervals over, perhaps, many decades. 
The EPBC Act Policy Statement 3.12 (DEWHA 
2008) sets out parameters for mitigation of 
habitat loss, whilst DSE (2010) recognises three 
classes of offsets depending on their contribu- 
tion to a species’ persistence as high, medium 
or low. Thresholds devised by DEWHA (2008) 
are ‘not designed to be prescriptive’ and apply 
on a case-by-case basis. 

Offsets are required for removal of any habitat 
within a land parcel where GSM has been con- 
firmed to occur, with different levels of need (as 
DSE 2010, above) leading to offset credits of 
fixed rates made available to developers. 

The future 

The biological and regulatory complexities 
of GSM conservation have been important in 
honing the wider issues of (1) the significance 


of remnant grasslands and grassy woodland ar- 
eas throughout its range, and (2) how such spe- 
cies may be surveyed and conserved effectively. 
Debate over optimal sampling and population 
estimation will assuredly continue, together 
with urge for well-founded triage to conserve 
the most significant populations of this geneti- 
cally diverse species and enable development to 
proceed on rationally selected sites and without 
compromising the survival of S. plana. 

Translocations have been proposed, as a 
means to salvage S. plana from sacrificial sites, 
by techniques such as (1) translocating female 
moths, presumed to mate early in life and (2) 
direct transfer and insertion of sods of native 
grasses with subterranean caterpillars. Neither 
has proceeded beyond initial trials to estab- 
lished practice and the increased number of 
populations now known has perhaps reduced 
the need to advance these themes. However, 
any such attempts should be documented fully 
and monitored effectively. 

Despite the complexity of obligations from 
listing under four different Acts intended to 
promote its conservation, practical efforts to 
achieve this have been rather fragmented. The 
leads provided through the Victorian perspec- 
tive should be considered within a national con- 
text and a comprehensive and, as far as possible, 
agreed national recovery plan be produced to 
guide continuing efforts. There is need, also, for 
an available agency-centred directory of sites, 
explorations and surveys with full informa- 
tion on their status and outcomes, and within 
which all further results can be incorporated, 
appraised, and made available widely. 

Finally, the conservation status of GSM may 
need to be reappraised critically. The extent of 
recent discoveries suggests that it may not now 
meet the strict criteria for national ‘critically 
endangered’ status (Gilmore and Harvey 2010), 


Table 1 . The five main components of the ‘Sub-regional strategy’ proposed for conservation of Synemon plana 

in Melbourne’s urban grow th zones (DSE 2011) 

1. Long-term target of 80% of the highest priority habitat for Synemon plana within the Victorian Volcanic 
Plains bioregion to be protected. 

2. Prescription to guide day-to-day management, with clearing of habitat conditional on offsets designed to 
specified criteria. 

3. Large areas of habitat permanently protected, including western grassland reserves, and to be acquired over 
1 0 years. 

4. Smaller reserves to manage risks and retain genetic diversity of Synemon plana. 

5. Greatly improved information, through strategically placed surveys and habitat information to facilitate 

informed management decisions. 
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but any revision must also consider the species’ 
vulnerability, and how that might be increased 
if its restricted habitat was rendered more sus- 
ceptible to loss if the conservation status of 
this notable flagship species was downgraded. 
Dedicated sun moth reserves (such as the pio- 
neering one at Nhill, Victoria, discussed by 
Douglas, 2004) have considerable importance, 
but susceptibility of native grasslands to weed 
invasions, succession and externally imposed 
changes necessitates continued management 
of any such areas. The important commitment 
noted above, of assuring security of selected 
Victorian grasslands for perpetuity, can be re- 
alised only from continuing support from the 
relevant agencies and interested community 
groups. The need for increased ecological in- 
formation to inform management and priority 
is clear. Whilst the moth can now be detected 
by simply replicable techniques (even if extend- 
ed over more than one flight season to counter 
vagaries of demography), biological features 
(such as the possible important role of Nassella 
in its larval ecology) need further clarification, 
in having clear implication for future conserva- 
tion practice. 
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Abstract 

Recent surveys for the Eltham copper butterfly Paralucia pyrodiscus lucida Crosby have revealed several pievi- 
ously unknown populations in the Wimmera (1), near Castlemaine (4) and near Bendigo (1). Their signifi- 
cance is discussed in relation to the butterfly’s conservation and management, including design of fuel reduc- 
tion burning for occupied sites ( The Victorian Naturalist 129 (3), 2012, 114-118) 

Keywords: Eltham copper butterfly, Paralucia pyrodiscus lucida, conservation, invertebrate, management 


Introduction 

The Eltham copper butterfly Paralucia pyro- 
discus lucida Crosby (ECB), is of significant 
conservation interest, and is amongst the best 
documented threatened insect taxa in Victoria, 
where it has become a notable flagship for in- 
vertebrate conservation (Canzano et al. 2007, 
New 2010). The few known populations, each 
small and isolated, are concentrated in three 
main regions, namely outer north-eastern sub- 
urbs of Melbourne (Eltham, Greensborough), 
the central wooded countryside spanning Cas- 
tlemaine and Bendigo (with recent discover- 
ies in the latter area reported by Canzano and 
Whitfield 2008), and a smaller representation 
near Kiata in the Wimmera area. The butterfly 
is invariably associated with its sole larval food 
plant Bursaria spinosa Cav. and caterpillars also 
have a mutualistic association with ants, Noto- 
ncus spp. Bursaria spinosa and identified host 
species of Notoncus are widespread, and occur 
in many places in Victoria where Paralucia is 
absent, some of these appearing entirely suit- 
able for habitation. 

The ECB is one of very few Victorian inver- 
tebrates for which site management by control 
burning has been attempted in the past (New 
et al. 2000) and for which tentative fire pre- 
scriptions can be based on practical experience 
and knowledge of the species’ biology, albeit 
at sites near Melbourne rather than the areas 
explored here. With such background knowl- 


edge, it was a prime candidate for investigation 
in order to further characterise its distribution 
and seek additional populations that might be 
vulnerable to fuel reduction burns anticipated 
for asset protection in areas where it might oc- 
cur (New et al. 2012). Some occupied sites are 
close to residential developments, where regu- 
lating fires may be both a high priority and a 
very complex exercise to undertake sensitively. 
Negotiations on optimal fire regimes to protect 
ECB, if those regimes can be defined, are also 
likely to be complex. Any strictures on burn- 
ing operations close to human settlements may 
need very careful consideration to achieve asset 
protection without further threatening any spe- 
cies listed under the Flora and Fauna Guarantee 
Act 1988. 

In this note, we report the outcomes of target- 
ed surveys for the butterfly undertaken in late 
2011, based on searches for adult butterflies. 

Methods 

During the main adult flight season of P.p. lu- 
cida in late 2011 (November, December), sys- 
tematic surveys of the regional non- Melbourne 
populations were undertaken by trained ob- 
servers familiar with the butterfly and unlikely 
to confuse it with any other taxon. Surveys 
included known occupied and historically oc- 
cupied sites, and additional areas of potentially 
suitable habitat within the wider regions. Dur- 
ing the time available, we have attempted to 
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undertake sufficient additional field investiga- 
tion to explore the presence and size of popula- 
tions of the Eltham copper in all known extra- 
Melbourne localities, and to search for further 
populations within the potential range, guided 
by presence of Bursaria, and recording such 
potential habitat. Although Notoncus is also a 
critical resource for ECB, it was not sought di- 
rectly on the sites visited. Each site visited was 
characterised, its position mapped for future 
reference and possible re-survey, and presence/ 
absence of adult P. p. lucida noted. 

Altogether, 15 sites in the Wimmera were 
explored (by FD). Extensive searches (coordi- 
nated by JW) were undertaken over public land 
within the large potentially habitable region 
around Castlemaine and Bendigo. Over a six- 
week period, the potential habitat areas were 
traversed at about 60 m intervals in search of B. 
spinosa , as a basis for categorising habitat suit- 
ability and a focus for future searches. Around 
Castlemaine, 1565 ha of potential habitat in- 
cluded 63 core habitat sites and a further 54 
smaller patches of Bursaria. Near Bendigo, 980 
ha included 23 core habitat sites and 26 smaller 
patches. These categories were separated by 
amount of Bursaria — core habitat’ units were 
areas with >200 plants present, with the smaller 
patches considered valuable in promoting con- 
nectivity but less likely to sustain butterfly pop- 
ulations. Limited time for the surveys preclud- 
ed revisiting many potentially habitable sites 
indicated by presence of Bursaria , and these are 
priority for inspection to determine status of 
ECB in the 2012-2013 flight season. Despite the 
work reported here, much further exploration 
is needed within this region. 

Results 

Detailed information on all sites surveyed is 
available in a report submitted to the Depart- 
ment of Sustainability and Environment (Yen 
and New 2012). The following is a brief sum- 
mary of findings in the two regions surveyed. 

Wimmera 

Paralucia pyrodiscus lucida was confirmed 
present at five sites within the Kiata Flora Re- 
serve, which is thus endorsed as harbouring 
major concentration of populations within the 
region and of substantial conservation impor- 
tance. However, it was not found at the nearby 
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Salisbury Bushland Reserve, from where his- 
torical records exist; as no specimens have been 
seen at Salisbury during a number of targeted 
searches over the last decade, it may now be ex- 
tinct there. The main patch of Bursaria at Salis- 
bury is fenced to exclude grazers, but current 
weed invasion is an additional threat. 

A previously unknown and seemingly strong 
population of ECB was discovered along the 
sides of Nursery Road abutting a Sugar Gum 
plantation on the north-east boundary of Wail 
State Forest, at 54H0595925 UTM 5960515 
(36° 29’ 47.00”S, 142° 04’17.12”E, south-east) 
to 54H0595640 UTM5960861 ( 36° 29’ 37.87” 
S, 142° 04’ 07.14”E, north-west). The roadsides 
support a strong Bursaria population and are in 
good natural condition. Eight newly surveyed 
sites, each with strong Bursaria patches that did 
not yield ECB, included those at and around 
Winiam, Dimboola, Nhill, Antwerp and West 
Wail. 

Castlemaine I Bendigo (Fig. 1 ) 

All previously recorded sites still support ECB. 
The great majority of additional sites inspect- 
ed did not yield ECB, and a number of core’ 
sites have been noted for additional survey in 
the future. Some are on areas that have been 
disturbed in the past, such as along roadsides 
and channels. Previously unknown popula- 
tions, most recorded from individual sightings 
(with low numbers possibly reflecting surveys 
outside the peak flight period, as for absences 
from other sites), were found in each region. 
Four were around Castlemaine, one near 
Bendigo. They are: (1) a north-facing slope 
south of the Castlemaine-Muckleford Road, 
and within a recently-conducted fuel reduc- 
tion burn area (55HO250766, UTM 5896499; 
37° 2' 34.9"S, 144° 1’ 55.9"E); (2) east of Young- 
man’s Track, and in a recently burned area, 
as above (55H0251826, UTM 5897640; 37° 
L 59"S, 144° 12' 40.1"E); (3) a roadside site to 
the south of Castlemaine, on Dingo Park Road 
(55HO255015, UTM 5892398; 37° 4' 51.9" S, 
144° 14’ 42.9"E); (4) Broad Road, Campbells 
Creek (55H0253059, UTM 5891538; 37° 5' 
23.8" S, 144° 13' 17.9" E); and (5) a site to the 
south of Bendigo between Kangaroo Flat and 
Strathdale, with suitable habitat extending over 
30 ha (55H0257100, UTM 5924217; 36°47’ 
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42. 4"S, 144° 16' 44"E). The last is regarded as 
a priority site, on which large areas of Bursaria 
should be excluded from burns. 

Discussion 

In both regions surveyed, Bursaria is very 
patchy in the landscape, and numbers of the 
plant very variable. Many small patches are 
perhaps unlikely to support viable ECB popu- 
lations, and apparently suitable habitat patches 
are sparse within the wider landscape. How- 
ever, because ECB can thrive on sites of less 
than 2 ha, as around Eltham, isolation may be 
more relevant than size in explaining absence. 
Around Castlemaine/Bendigo, the large and 
continuous populations of Bursaria , as at Ka- 
limna Park (Castlemaine), appear to support 


the most significant populations of ECB. 

The discovery of several new populations of 
P. p. lucida is a very positive outcome from this 
work. These populations all appear to be very 
restricted in extent, and isolated, but confirm 
the importance of concentrated surveys in de- 
tecting such elusive and patchily-distributed 
taxa. Despite the importance of large sites, the 
small site areas in Eltham that have supported 
populations for at least several decades demon- 
strate also the importance of very small areas 
for conservation. We suggest that rather than 
leading to a perception that the butterfly is more 
widely distributed than previously known, the 
new discoveries urge a need for even greater site 
protection; this would enable connectivity and 



Fig. 1 . Indicative relative posi- 
tions of populations of Paralucia 
pyrodiscus lucida within the Cas- 
tlemaine/greater Bendigo region: 
populations discovered during this 
survey (open circles) are shown 
together with previously known 
populations (solid circles). 
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protect all known populations and sites of all 
sizes until their real status is clarified. Whilst the 
newly discovered presence of ECB on recently 
burned sites is an encouraging sign of its resist- 
ance to that treatment, numbers seen were very 
low and the regimes and impacts of the burns 
unclear. Any future burns on these sites should 
heed the distribution of the butterfly there, and 
be undertaken sympathetically in assuring its 
conservation. The optimal burning regimes for 
ECB conservation have not been investigated 
beyond Eltham, so that such a precautionary 
approach seems imperative. From experiences 
in burning two sites at Eltham, where the but- 
terfly’s phenology is somewhat different from 
that at the sites discussed here, burns were 
considered to be safest’ if undertaken in early 
autumn (when caterpillars were the only stage 
present, were part-developed prior to winter, 
and able to take refuge in Notoncus nests), and 
when ‘hotspots’ of known abundance could be 
protected by damping down. However, for any 
site to be burned, there is likely to be conflict 
between community concerns and optimal 
timing adjudged from biological information. 
The small occupied areas also endorse the need 
for (and wisdom of) small scale mosaic man- 
agement, be it by fire or other means, to sustain 
suitability. Ideally, these should follow surveys 
to detect any ‘hotspots’ of ECB to be shielded 
from loss and, so, augment conservation ben- 
efit from burns undertaken primarily for fuel 
reduction and asset protection. 

The former population at Salisbury was not 
rediscovered and it is likely that this is now ex- 
tinct. 

The major new discoveries are: 

1. a population in the Wail State Forest, as an 
important intermediate locality between 
Kiata and Castlemaine and, perhaps consti- 
tuting a further ‘fragment’ indicating that the 
historical range of the butterfly was more ex- 
tensive than at present; 

2. a further population in the southern area of 
Bendigo. We note that this site is within the 
area of an Asset Protection burn scheduled 
for autumn 2012, and that much of the area 
explored in the region, as around Castle- 
maine, is within the Asset Protection Zone 
susceptible to fuel reduction burning over 
the next few years; 
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3. further populations near Castlemaine, adding 
to those in the Castlemaine Botanic Gardens 
and Kalimna Park. Two are within a Zone 1 
Asset Protection Zone, as is the Bendigo site, 
and so have potential to be burnt every 5-8 
years and to have 90% of the areas treated to 
reduce fuel hazard to moderate levels. 

The increased documentation of P. p. lucida 
supports the commonly held view that popu- 
lations are largely discrete (closed and demo- 
graphically independent) and very limited in 
area. However, proximity of some of these (for 
example, at Castlemaine) leaves open the pos- 
sibility of a metapopulation structure, so that 
landscape level conservation management in 
the regions of occurrence is clearly needed to 
oppose further fragmentation, as well as pro- 
mote individual management for sustainability 
of all inhabited sites. 

The other major outcome is endorsement 
that the butterfly is indeed absent from much 
apparently suitable habitat, including patches 
close to confirmed populations. These absences 
based on systematic targeted searches suggest 
(notwithstanding the ‘single visit’ limitation 
noted earlier, and lack of searches for Noton- 
cus ants) the reality of the butterfly’s patchiness 
and highly localised distribution and that it is 
truly of conservation concern, rather than the 
documented distribution simply reflecting un- 
der-recording. Within any site, butterflies are 
also restricted: the newly discovered Wail site, 
for example, supports a population occupying 
only about 400 x 30 m on a roadside verge. Such 
sites merit special notice as vulnerable to road 
maintenance works and similar disturbance, 
and should be signalled to the responsible au- 
thority for protection. However, the apparent 
suitability to P. p. lucida of many vacant sites 
suggests that the major critical resources for the 
butterfly are not in themselves sufficient indica- 
tors of likelihood of its occurrence: predictive 
modeling for the butterfly’s incidence cannot 
yet be formulated soundly, with preliminary 
trials based on both incomplete information 
and inadequate understanding. Prudence dic- 
tates that no population is expendable and that 
all occupied sites should be conserved. Cur- 
rent population sizes on the newly discovered 
sites are unknown, as is the extent of functional 
isolation of butterfly populations on each. At 
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Kiata and at Kalimna Park, Castlemaine, it is 
known that ECB is quite mobile and can track 
patches of Bursaria across distances of up to 
several hundred metres (Canzano et al. 2007, 
New 2010). Large sites adjacent to known pop- 
ulations may thus be particularly important to 
conserve. 

A more general lesson is that any contempo- 
rary allocation of formal conservation status 
to a poorly- known invertebrate taxon must be 
open to review as new information accrues, 
and can only rarely be founded on definitive 
information. It is unusual, unfortunately, to 
have support of the level of this investigation 
for large-scale exploration for threatened in- 
vertebrates across much of the known or likely 
habitat area. However, despite this substantial 
effort for ECB, much habitat remains to be ex- 
plored, and repeated surveys on occupied sites 
are needed to confirm the butterfly’s status and 
abundance. The restricted period of appar- 
ency of adults, as the stage most amenable to 
rapid inspection, also limits such opportunity. 
Whilst the numerous non-inhabited core habi- 
tat quality’ sites indicate priority search areas 
for the future (and for which substantial fund- 
ing would be needed to furnish a more defini- 
tive picture of ECB incidence), their wellbeing 
within a mosaic of largely unsuitable habitat 
may be important for the future of the butterfly 
either as resources amenable to natural colo- 


nisation or as sites for deliberate translocation 
should currently occupied sites become unsuit- 
able through degradation or human impacts. 
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Swarms of Bibionid Flies 


Very high numbers of orange-brown bodied, 
flying insects were seen during November 
2011 in two areas of north-east metropolitan 
Melbourne — in Greensborough on grass, 
predominantly Microlaena stipoides, and in 
Yallambie on Prickly Tea-tree Leptospermum 
continentale. 

The bodies of these insects were up to 10 mm 
long, orange-brown with a black, pronounced 
beak-like head and short, stout antennae. They 
had dark wings and a pair of knob-like halteres 
(Fig. 1). The legs were black; the two front legs 
had a distinctive large spine at the apex of the 
tibia (Fig 2). These insects were very weak fly- 
ers and high numbers of them were walking 
around on the ground under the shrub or just 
resting on the grass. 



Fig-1 Orange-brown body and dark wings of a 
female Bibio imitator. 





Fig 2. Bibio imitator: large spur at the apex of the tibia 
on the front leg (arrow). 


The distinguishing features (the single pair of 
wings coupled with the small, balancing hal- 
teres) place these insects in the order Diptera or 
True Flies. Final identification was by reference 
to Hardy (1982), and to CSIRO (1993) which 
confirmed the species as Bibio imitator. All 
insects seen in both areas were females; how- 
ever, later, one mating pair was observed in 
Ivanhoe — the male was smaller, dark to almost 
black and dragged along the ground by the fe- 
male. The adult insects are believed to be nectar 
feeders while the larvae feed on decaying plant 
material and are found in the soil. 

These flies are known in Europe as March 
Flies (due to time of appearance, and not their 
biting habits!) and in USA as Love Bugs. The 
family Bibionidae is cosmopolitan, with spe- 
cies found world-wide. Adults emerge syn- 
chronously and often form dense mating ag- 
gregations with males forming loose swarms 
and mating with females as they emerge from 
the soil. The females then dig a small chamber 
in the soil, using the specially adapted tibia 
on their front legs, lay their eggs and die. The 
adults have short lives of three to seven days 
(Fitzgerald 2005). 

These sightings were the first time either ob- 
server had seen these insects although Bibio 
imitator is widespread in Australia and believed 
to be quite common. 
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Response to ‘A call record of the Southern Barred Frog 
Mixophyes balbus from East Gippsland’ 
by Urlus and Marr 


Reliable, contemporary records of threatened 
and/or rare species are of immense value to 
conservation managers. Resources available to 
survey for and manage threatened species are 
always scarce, and it is critical that the best use 
is made of these resources. Verifying supposed 
or dated records of threatened species is impor- 
tant, and considerable resources are frequently 
expended on these quests. This expenditure is 
wasteful when field surveys are based on spuri- 
ous records. Such records also create unneces- 
sary ‘noise’ in the literature and in planning and 
management documents, such as National Re- 
covery Plans and Victorian Action Statements 
prepared under the Flora and Fauna Guarantee 
Act 1988. 

The threatened Southern Barred Frog Mix- 
ophyes balbus historically occurred along the 
eastern slopes of the Great Divide from east- 
ern Victoria near the border of New South 
Wales, through coastal New South Wales to the 
south-east extremity of Queensland. Alarm- 
ing declines have been reported for this spe- 
cies throughout its range (Gillespie and Hines 
1999). 

Urlus and Marr (2011) report a ‘probable 
record’ (p. 272) of this species along the Thurra 
River in far eastern Victoria. If accurate, this 
record would be of great note because it has 
been 30 years since a verified record of this 
species has occurred in Victoria. The record 
reported by Urlus and Marr is a little over 20 
kilometres from existing historic records (con- 
firmed by voucher specimens) of this species in 
Victoria, but occurred in habitat that, accord- 
ing to current knowledge, is atypical for this 
species. 

Male M. balbus call during spring and sum- 
mer from beside streams. Metamorphosis of 
tadpoles occurs from December to March. 
Urlus and Marr heard what they believed was 
the call of M. balbus in late March 2011, based 


upon comparison to a tape recording produced 
by Professor Murray Littlejohn (Department 
of Zoology, University of Melbourne). Despite 
searching, they were unable to find the calling 
frog and no surveys were undertaken for tad- 
poles, which is generally regarded as the best 
method for detecting this species (D Hunter 
pers. comm.; see Gillespie 2011). The Blue 
Mountains Tree Frog Litoria citropa is known 
to make an atypical, infrequent call in March 
and April, outside of its typical breeding season; 
this call is notably similar to that of M. balbus , 
and has misled experienced frog biologists in 
the past (G. Gillespie pers. obs.; D. Hunter pers. 
comm.). Litoria citropa is abundant along the 
Thurra River (G. Gillespie pers. obs.). During 
a subsequent visit to this site by Urlus and one 
of us (GG) a tadpole survey was undertaken, 
which yielded specimens of L. citropa and the 
Leaf Green Tree Frog L. nudidigitus (but no 
M. balbus). 

Urlus and Marr describe the habitat at the site 
of their claimed record, and label it ‘potentially 
suitable habitat’ (p. 274); however, they do not 
explain this putative ‘suitability’, nor compare 
the habitat at this site to the habitat where 
confirmed records have been generated. The 
habitat of M. balbus is characterised as shallow, 
stony streams in sheltered, steep-sided valleys, 
usually with closed forest canopy (Gillespie and 
Hines 1999; Cogger 2000; Anstis 2002). The 
stony stream bed is a critical element of the 
species’ habitat as it lays its eggs in nests made 
in shoals of stones and gravel (Anstis 2002; G. 
Gillespie pers. obs.). Whilst leaf packs have 
also been reported to be used for egg nests for 
some Mixophyes species (Knowles et al. 1998), 
M. balbus invariably deposits eggs in very shal- 
low water amongst emergent stones and rocks 
in the stream-bed (G. Gillespie pers. obs.). 
Inspection of the habitat at the 'l"hurra River 
site during the site visit led us to conclude that 
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none of these habitat elements are present in 
the general vicinity of the reported observation 
(G Gillespie pers. obs.). The Thurra River is 
a relatively deep (> 50 cm), sandy-bottomed 
stream with no stones or gravel bars, meander- 
ing across a wide, flat terrace. Streams along 
which M. balbus has been reliably recorded 
are typically in sheltered, steep-sloped valleys, 
rather than wide flat terraces (G Gillespie pers. 
obs.). Although some rainforest plant species 
are present in the riparian zones of Thurra Riv- 
er in this area, apart from Kanooka Frees Tris- 
taniopsis laurina along the banks, the rainforest 
species are restricted to the understorey. Unlike 
typical habitat for this frog, the canopy is not 
dense or closed, but open eucalypt. Mixophyes 
balbus has never been reliably recorded in this 
type of habitat, and no breeding microhabitat is 
available at this location. 

Numerous doubtful records of threatened 
herpetofauna in Victoria are reported each year 
(N. Clemann pers. obs.), and further investiga- 
tion shows that many are erroneous. Publica- 
tion of such records, or their inclusion in fauna 
databases, creates ‘noise in the faunal record, 
and can lead to spurious leveraging of species 
distribution models. Such models are increas- 
ingly being used to highlight likely distribu- 
tions of species and inform conservation pri- 
orities. Whilst it is not out of the question that 
M. balbus might persist in Victoria (Gillespie 
201 1), we consider that the record reported by 
Urlus and Marr is highly doubtful for the rea- 
sons outlined above. The publication of doubt- 
ful, unverified records is potentially mislead- 
ing, and may lead to unnecessary expenditure, 
particularly as Urlus and Marr suggest that the 
areas they surveyed ‘warrant further investiga- 
tion (p. 274). In order to avoid unnecessary 
expenditure of resources, such further investi- 
gation is best done prior to publication of the 
record. Publication is warranted upon confir- 
mation of the suspected record. 


Ad hoc reports of rare, threatened or 
poorly known species are obviously extremely 
valuable and their publication should be 
encouraged. However, their value is under- 
mined when they are not adequately verified. 
We suggest that records such as this should 
only be published once properly substantiated. 
In the case of rare and cryptic amphibians, such 
substantiation necessitates collection of vouch- 
er specimens, diagnostic photos and/or call 
recordings of adults and/or tadpoles. 
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Burke & Wills: the scientific legacy of the Victorian 
Exploring Expedition 

edited by EB Joyce and DA McCann 

Publisher: CSIRO Publishing, Melbourne, 2011.368 pages, hardback, colour images 
ISBN 9780643103320. RRP $59.95. 


The 150th anniversary of the Burke and Wills 
expedition and the epic journey from Mel- 
bourne to the Gulf of Carpentaria was cele- 
brated and commemorated in 2010. Under the 
umbrella of the Royal Society of Victoria, the 
Victorian Exploring Expedition left Melbourne 
in August 1860 to journey to the Gulf of Car- 
pentaria and back, with the aim of exploring 
the great interior of the continent to link the 
known areas with the unknown. It is history 
now that the expedition succeeded in its aim of 
reaching the Gulf, but failed to bring the lead- 
ers back to Melbourne. In all, seven members 
of the expedition lost their lives and only one 
man, John King, reached the Gulf and returned 
to Melbourne. 

What is not so well known is that the explor- 
ing party left Melbourne with a second aim — 
to carry out scientific exploration. This book is 
an attempt to show what was achieved by the 
scientists of the exploring party despite the in- 
adequate collecting equipment and limited sci- 
entific apparatus, the difficulties encountered 
during the journey and the indifference of their 
leader, Burke. 

Three scientists were members of the explor- 
ing expedition — William John Wills, surveyor 
and astronomer; Hermann Beckler, medical 
officer and botanist; and Ludwig Becker, art- 
ist and naturalist. Editors Joyce and McCann 
challenge the notion that little or nothing of a 
scientific nature was achieved, by assembling a 
collection of experts to discuss every aspect of 
the scientists of the exploring expedition, and 
also of those who followed, such as Wright of 
the relief expedition and Howitt and Welsh of 
the search party. 

Beginning with a succinct discussion of 
the Victorian Exploration Expedition by 
Dave Phoenix in the Introduction, there are 
chapters on the disciplines that were covered 


by the explorers — the geology of the route, the 
botany, the zoology, hydrology, meteorology 
and the aboriginal people encountered. 

Throughout, the dedication and ability of the 
scientists is marvelled at, particularly for the 
three of the exploring expedition who, through 
great hardships, still managed to maintain their 
recordings of latitude and longitude (Wills), 
weather observations (Wills and Beckler), 
country traversed, botanical collections 
(Beckler) and detailed artistic representations 
(Becker). 

The book is beautifully illustrated throughout 
with paintings and drawings (most by Becker) 
and photos of plants and animals collected and 
now in museums. 

This is a very fine book which redresses the 
imbalance between the hype and what was 
actually achieved by the Victorian Exploring 
Expedition. One can only wonder what would 
have been the result had the Royal Society 
Exploring Committee chosen a better man as 
leader of the expedition. 

I have travelled through the area covered by 
the expedition so it was interesting to see the 
area through the eyes of 19th century observa- 
tion and collection. Well done, Joyce and Mc- 
Cann, for bringing it all together and also to 
the authors of each chapter for highlighting the 
achievements of the scientists of the Burke and 
Wills expedition, who made such a lasting and 
important contribution to the body of knowl- 
edge about the natural history of the interior of 
Australia. 
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